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ENERGY CONSERVATION REPORT 

Analysis Data Summary 

SCOPE: This report is developed as part of the Fermilab D-O Experimental 
Facility Project Title II Design Documentation Update under the provisions of 
D.O.E. Document 6430.1, Chapter X111-21, Section 14, paragraph a. As such, 
it concentrates primarily on HVAC mechanical systems design optimization and 
cost analysis. 

a* 
Identification of Methods used for Building Energy Consumption 
Anal sis. Carrier Corporation Model E20-II software run on an IBM ,Y. 
PS 2 computer has been used to generate all loads, weather 
calculations, system simulations, life cycle costs, and payback data. 
This program has been used in conjunction with published data from: 

1. ASHRAE Fundamentals - Chapter 24: Weather data and design 
considerations 

2. Fermilab On-Site Records of lake and cooling pond performance 

3. Air Force Manual 88-29: Facility design and planning engineering 
weather data 

4. Richardson Engineering Services Corporation: Construction Costs 
Data 

b. Methodology of Analysis: Life cycle cost analysis employs the unified 
present worth approach. Significant figures used in this exercise are 
20 years reflecting minimum useful system life and 7.0% discount 
factor based upon projecte-d outlooks from Chase, Data Resource 
Institute, Mellon and Evans. Project construction costs are paid off 
as a lump sum in the first year without amortization. The electrical 
energy escalation costs, used in consideration of the same projected 
outlooks used for the discount factor, seem rather conservative in the 
light of Illinois Edison’s particular problems with over-built nuclear 
facilities coming on line. 

Payback analysis is based on the simple payback method with a 
maximum two (2) year return on investment period targeted. 

Building energy analysis is based on the bin method with 
temperature/humidity projections made by algorithm from the 
ASHRAE design weather data. System performance is executed in 
an integrated dynamic fashion from selected points of rating. 
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To analyze a complex structure, like this facility, the total building 
was divided into three (3) Subconstructions based upon the entirely 
different design conditions and systems employed in each of these 
zones. In essence, each of these subconstructions is analyzed as a 
separate building except insofar as they affect one another at their 
thermodynamic boundaries. The three (3) basic subconstructions are 
as follows: 

Subcon l/3: Describes the Collision and Assembly Halls 

Subcon 2/3: Describes the Movable Counting House, Detector 
Platform and Side Bay Areas, together with the Deionized Chilled 
Water Systems 

Subcon 3/3: Describes the Low Conductivity Cooling Water Systems 

Applicable alternative mechanical systems were selected for each of 
the Subconstructions and were then combined as total building 
combined systems into several possible arrangements. These were 
then compared to each other, including the designed combined 
systems arrangement and FY1975 combined systems arrangement, to 
evaluate their merits. 

For Subconstruction l/3 (the Collision and Assembly Halls), three (3) 
alternative HVAC systems were evaluated, including a typical 
FY1975 design. The systems were: 

1. 

2. 

3. 

Reciprocating chillers with lake water cooling, chilled water free 
cooling heat exchanger, pump cycling, high bay heat circulating 
fans, lake water filtration, integrated DDC controls, high 
efficiency motors, central station air handling units with nested 
fan inlet vanes and integrated enthalpy economizer. This 
represents our as designed system. 

Centrifugal chillers with all other energy features incorporated in 
the systems arrangement above. This represents Alternate 
System No. 1. 

Reciprocating chillers with pond water cooling and none of the 
energy features incorporated in the systems arrangements above. 
This represents Alternate System No. 2, our FY1975 basic 
system design. 

For Subconstruction 2/3 (the Movable Counting House, Detector 
Platform and Side Bay Areas, together with the Deionized Chilled 
Water Systems), three (3) It a ernative HVAC systems were evaluated 
including a typical FY1975 design. The systems were: 
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1. 

2. 

3. 

Reciprocating chillers with lake water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and these energy features: 
chilled water free cooling heat exchanger, pump cycling, lake 
water filtration, integrated DDC controls, high efficiency motors, 
integrated enthalpy economizer and supply air cooling 
temperature reset. This represents our as designed system. 

Centrifugal chillers with lake water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and all of the energy 
features incorporated in the systems arrangement above. This 
represents Alternate System No. 1. 

Reciprocating chillers with pond water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and none of the energy 
features incorporated in the systems arrangement above. This 
represents Alternate System No. 2, our FY1975 basic system 
design. 

For Subconstruction 3/3 (the Low Conductivity Cooling Water 
Systems), two (2) alternative HVAC systems were evaluated, 
including a typical FY1975 design. The systems were: 

1. Hydronic free cooling heat exchanger with these energy features: 
lake water cooling, lake water filtration, high efficiency motors 
and automatic lake water pump staging. This represents the 3/3 
configuration for both our as designed system and the Alternate 
System No. 1. 

2. Hydronic free cooling heat exchanger with pond water cooling 
and none of the energy features incorporated in the systems 
arrangement above. This represents Alternative System No. 2, 
our FY1975 basic system design. 

All of these alternative HVAC systems for each Subconstruction area 
were then combined to yield three (3) total building combined 
systems arrangements for comparison. These arrangements are as 
follows: 

1. The as designed arrangement (consisting of the first alternative 
from each Subconstruction), which is a reciprocating chiller 
system with lake water cooling and full building energy 
conservation features. 

2. Alternate Arrangement No. 1 (consisting of the second alternative 
from Subconstructions l/3 and 2/3 combined with the first 
alternative from Subconstruction 3/3), which is a centrifugal 
chiller system with lake water cooling and full building energy 
conservation features. 
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Alternate Arrangement No. 2 - 
3* ( 

our base case FY1975 design 
consisting of the third alternative from Subconstructions l/3 and 

2/3 combined with the second alternative from Subconstruction 
3/3), which is a reciprocating chiller system with pond water 
cooling and none of the energy conservation features of the 
arrangements above. 

The systems arrangements used in this analysis as our FY1975 base 
case are actually typical of designs used as late as the early 1980s 
and, therefore, are probably more favorable than an actual 1975 
design would be. This, however, only acts to make the calculated 
savings advantage of the designed systems more conservative. The 
advantage to using these arrangements as our base case is that we 
can use actual experience in the operation of such facilities for a 
more realistic comparison to the designed systems arrangement. This 
experience factor is especially valuable to analysis accuracy since it is 
impossible to find a generic example typical of such specialized 
nuclear research facilities from the 197Os, with complex building 
pressurization profiles, massive detector load cycling, and so forth. 

In adapting simulation profiles to standard software format options, 
several modeling approximation techniques were employed. Fermilab 
lake water for cooling is seen from historical data to be sensitive to 
weather conditions, and is therefore modeled after open cooling towers 
rather than stable groundwater sources. The Main Ring cooling 
ponds are also weather sensitive according to historical data, but 
maintain higher temperatures than lake water due to Main Ring 
cooling loads, and are therefore modeled after closed circuit cooling 
towers. The low conductivity water systems (Subconstruction 3/3) 
were modeled as a one square foot perimeter area with no exterior 
surface boundaries, no load other than the LCW cooling wattages, 
and as having “cooling only” requirements. Due to software 
constraints, the LCW system equipment is fictionally configured as a 
constant volume central air handler with virtually no air side static 
pressure drop, coupled to a free cooling heat exchanger and pumping 
system. This effectively eliminates fictional fan energy from the 
equation and permits us to simulate all of the other system features. 
The effect of nested air handling unit inlet vanes is modeled through 
a corresponding adjustment in fan static pressure requirements. The 
staging of pumps is likewise modeled by an adjustment in pump 
head requirements corresponding to the facility load cycling profiles. 
Both integrated DDC building pressurization control and DDC 
calculated outside air intake control are modeled by an adjustment to 
the average outside air volume corresponding to historical operating 
data from a similar facility on site. Lake water filtration and high 
efficiency motors are both modeled by a corresponding adjustment in 
fan, pump and chiller efficiency. Finally, high bay area ceiling heat 
circulation fans are modeled by an adjustment to the area heating 
set point corresponding to lowered temperature averages due to 
decreased area stratification. 
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A major question in the design of the D-O facility mechanical; 
systems was the selection of reciprocating versus centrifugal chillers. 
Apart from the danger of driving the centrifugal units into a surge 
condition during periods of abnormally high lake water temperatures 
and the need for higher condenser water flows to lower LWT, it was 
decided to favor the centrifugal over reciprocating units in this 
analysis so as to place beyond question any benefits of reciprocating 
units. To this end, it was assumed that the construction costs of 
both types of units would be the same, even though the centrifugal 
units would actually cost about $20,000 more than the reciprocating 
type. 

C. Description of the Major Energy Conservation Features Selected: The 
design building HVAC systems arrangement constitutes a central 
reciprocating chiller plant with filtered lake water cooling, 
computerized Direct Digital Controls (DDC) and full building energy 
conservation features. Due to the strict process requirements of this 
facility, advances in energy conservation are primarily focused on 
refinement of necessary system types rather than in a comparison of 
optional system varieties. 

The selection of reciprocating versus centrifugal chillers is borne out 
in the analysis by the fact that although centrifugal units have a 
higher rated efficiency at full load than reciprocating units, the wide 
swings in load cycling coupled with prolonged periods of chilled water 
free cooling put our chillers at modest to very low load during most 
of the year. At this point the curves for reciprocating chillers 
outperform the centrifugals significantly, such that there is actually 
an overall annual energy savings for the reciprocating units. Anot her 
feature along these lines is that the centrifugal units would require 
higher condenser water flows at times to prevent surging, and this in 
turn shows up as increased energy costs for pumping over the 
reciprocating units selection. The reciprocating chillers are of the 
high efficiency, multi-staged type with dual circuited condensers for 
increased efficiency at part load, and are augmented by an integrated 
hydronic economizer free cooling heat exchanger using lake water to 
permit full or partial chiller shut-down for several months out of the 
year. Chiller efficiency as well as low conductivity and chilled water 
free cooling heat exchanger approach is improved by use of lake 
water high efficiency filtration which reduces both heat transfer 
fouling factors as well as heat exchanger maintenance costs. 

The use of lake water over Main Ring cooling pond water is also a 
significant energy saving factor. First of all, the lower temperatures 
and annual ice-pack of this large body of water, which is not 
presently being used for any other cooling purposes, permits chillers 
to operate at greater efficiencies and allows for longer periods of free 
cooling at lower temperatures than would be obtainable from the 
Main Ring cooling ponds. Secondly, however, by not using the Main 
Ring cooling ponds, we keep them from increasing in temperature 
which would adversely affect the efficiency of the major Main Ring 
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cooling systems. The energy cost avoidance in this case would be 
considerable, but is not credited in this analysis for the sake of 
simplicity. Along these same lines, reduced LCW cooling water 
temperatures obtainable in summer using lake water will increase 
equipment efficiencies at the D-O facility, which is also not credited 
in this analysis for the sake of simplicity. The operation of lake 
water pumps is also automatically staged by computer through a 
reading of supply and return water temperatures to match cooling 
water load requirements and thus allow for lake water pumping costs 
energy savings. The incremental nature of load staging at this 
facility favored the use of simple, low-cost pump staging techniques 
over variable speed designs in life cycle cost analysis. 

Both fan and pump performance in every case is enhanced through 
the use of high efficiency motors, which contribute significantly to 
energy savings in the light of the 24 hour operation of these units at 
the D-O site. All fans, pumps and air handling units at this site are 
of the high quality, industrial grade type, selected specifically for high 
efficiency performance. Air handling units are equipped with nested 
inlet vanes to increase fan efficiency, in addition to integrated 
enthalpy economizer systems for free air-side cooling capacity. 

The Assembly Hall High Bay Area is equipped with ceiling mounted 
heat circulating fans to reduce air temperature stratification and thus 
conserve energy by reducing required indoor air temperature at the 
roof level to maintain temperature setpoint at the floor. This in 
turn reduces building heat transmission losses by reducing the 
average effective temperature difference across building surfaces 
exposed to the outdoors. 

Air handling systems in the Side Bay areas are designed to further 
conserve energy by computerized supply air temperature reset which 
looks at all zone temperatures and recalculates optimum AHU supply 
air temperatures so as to delay turn-on of any individual zone 
heating coil for as long as possible before temperature in any other 
zone rises above the comfort tolerance level. These savings are not 
credited in this analysis for the sake of simplicity. Along these same 
lines, dehumidification reheat in the Assembly and Collision Halls is 
reset in a similar manner by computer to minimize heating coil 
turn-on, which is also not credited in this analysis for the sake of 
simplicity. 

System performance is further enhanced by the use of dynamic 
control through a Direct Digital Control system employing 
proportional-integral-derivative response coupled to pulse width 
modulation for permanent calibration - high accuracy tracking. This 
technology also allows for sophisticated strategy through its boolean 
operatives. The system is of a fully modular and distributed 
processing architecture which is expandable by adding to each 
subsystem as required. The DDC controls system consists of stand- 
alone intelligent local field processors for all building systems 
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connected to one another and to a local front end computer to 
create a local area network. The system is modular both in design 
of software as well as hardware and shall allow for change of 
function and operation in the field without programming changes or 
changes to hardware. Control strategies and setpoints may be 
changed on line by Fermilab personnel to the end that integral 
energy management features (such as demand limiting) may be 
brought on line as historical data is generated. Energy conservation 
through high accuracy control tuning which eliminates the constant 
setpoint over-shooting associated with conventional control systems is 
also not credited in this analysis for the sake of simplicity. 

Two significant energy conservation features deriving directly from the 
use of DDC computerized controls at the D-O facility serve to reduce 
excessive intake of outdoor air by HVAC systems. The first feature 
constantly calculates and resets outdoor air intake dampers to 
maintain exact minimum percentage of outdoor air based on 
mathematical comparison of outdoor air, return air and mixed air 
temperatures. This eliminates excessive outdoor air intake during 
cold weather due to increased outdoor air density, which is typical of 
conventional control systems designed to merely maintain preset 
minimum outdoor air damper position. 

The second feature allows the central control computer to 
simultaneously look at the many building pressurization zones, with 
their varying degrees of positive, negative and neutral relationships to 
outdoors and to orchestrate the total building HVAC system, so as 
to preclude individual control systems from fighting each other and 
gulping or exhausting excessive outdoor air while maintaining fine 
pressure control. Our experience with conventional controls in similar 
applications proves that this is impossible without DDC, and results 
in periods of uncontrollable cycling with subsequent energy waste 
beyond the conservative factors employed in this analysis. 

d. Evaluation of Solar Applications: The overwhelming balance of excess 
heat in this structure precludes the use of either active or passive 
solar energy applications. 

e. Discussion of Evaluation of Non-Renewable Energy Supply 
Alternatives: Due to the electrically intensive nature of this facility, 
coupled with the abundance of waste heat, the use of natural gas 
(the only other viable non-renewable energy supply on site) is 
precluded over electricity. 

In engineering the overall integrated mechanical systems configuration, 
consideration has been made to assure minimal utilization of 
non-renewable resources in the form of electrical energy with respect 
to D.O.E. Document 4330.3. 
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f. Estimates of Total HVAC Energy Input to the Building: The 
Fermilab D-O Experimental Facility is characterized by exceptionally 
intense cooling loads. Overall building design load intensity is 
calculated at 100 square feet per ton. 

Building Annual Energy Input for Designed HVAC Systems: 

KWH Per Year: 1’182,331 
Annual DOE Resource Impact Factor: 4,035,910 MBH 
Annual BTU/G ross Square Foot/Year: 95,638 

g. 45% Energy Use Reduction Goal Data: 

1. The following information represents the estimated total HVAC 
energy use of a representative building of the appropriate 
category in FY1975: 

Building Annual Energy Input for FY1975 HVAC Systems: 

KWH Per Year: 2’128,445 
Annual DOE Resource Impact Factor: 7’264,383 MBH 
Annual BTU/Gross Square Foot/Year: 172,142 

2. The following is the estimated percentage of energy use reduction 
for the designed HVAC systems as opposed to typical FY1975 
HVAC Systems: 

Building Present Scope: 45% Reduction 

As described within the text, this goal is realized on the basis of 
conservative analysis, with several energy conservation features 
not being credited for the sake of analysis simplicity. 

3. Due to the atypical requirements, loads, and design of this 
building, the method of simulating by computer the performance 
of typical FY1975 HVAC systems in the as-designed structure 
has been used to estimate the baseline HVAC energy use of a 
representative building of the appropriate category in FY1975. 

4. The estimated additional HVAC systems construction cost to 
achieve the 45% percent of energy use reduction over the typical 
FY1975 systems is as follows: 

Building Present Scope: $77,500 additional costs (10%) 

Most of the additional costs derive from extension of cooling 
water lines to the Main Ring lake in lieu of the Main Ring 
cooling ponds, but are not fully credited in energy cost avoidance 
to operation of the Main Ring systems as discussed above. 
Furthermore, these additional costs do not take into account 
actual construction cost savings from using the designed DDC 
control systems in lieu of conventional controls. Actual 
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comparison of controls costs for D-O with those for similar 
facilities on site suggest savings of as much as $50,000, which 
would reduce actual additional costs to about $27,500 (4%). In 
view of the complexity of calculating exact control cost 
differences however, it was decided to ignore such savings for the 
sake of simplicity in this analysis. 

5. The estimated energy cost savings over the minimal 20-year 
projected HVAC systems life including additionam systems 
construction cost, first year energy cost savings, and present 
worth energy source factors are as follows: 

Building Present Scope: $969,807 cost savings 

h. Outline of Metering Provisions: Due to the nature of DDC control 
systems and the need for metering data acquisition to execute the 
energy conservation strategies, virtually all major energy flows are 
intrinsically monitored, summarized, and printed at the local front 
end computer printer. This information will also be useful in 
generating site weather data, evaluating lake cooling water 
performance data (especially as it is related to weather), give 
Fermilab personnel data to evaluate alterations to initial energy 
management strategies and confirm HVAC systems performance in 
relation to estimated projections. Among the items metered are: 

1. 

2. 

All lake cooling water flows. 

All energy BTU’s wasted from building through both cooling 
water and exhaust air. 

3. All hours of free cooling for individual systems. 

4. All compressor run time hours for chillers. 

5. All heater stages run time hours. 

6. All general equipment status data. 

i Comparison of Design HVAC System, Alternate Centrifugal Chiller 
System, and FY1975 Base Case System: Results of these 
comparisons are summarized on the three (3) Systems Summary 
Sheets attached hereafter. 
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TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

DESIGNED CONFIGURATION 

RECIPROCATING CHILLERS - FULL BUILDING ENERGY FEATURES 

Statistic Present Scope 

HVAC Systems Parameters 

Area: 
Tons: 
SF/Ton: 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 

20 Yr. Cumulative Cost: 

HVAC Energy 

42,200 SF 
420 
100 

$ 59,125 
$ 1.40 

0 7:$‘::: Y 

$ 2’340,147 

KWHfYr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Energy Reduction 
from 1975: 

Non-HVAC Energy 

1,182,331 
13’717,127 
4,035,910 

95,638 

45% 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Total Building Energy 

7’686,513 
89’163,546 
26’234,068 

621,660 

KWHJYr. 8,805,179 
DOE RUF MBH: 102,880,672 
DOE RIF MBH: 30,269,977 
BTU/SF/Yr. 717,298 

Report Page Number 
Statistic References 

(VII-4) 
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TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

ALTERNATE NO. 1 CONFIGURATION 

CENTRIFUGAL CHILLERS - FULL BUILDING ENERGY FEATURES 

Statistic Present Scope 

HVAC Systems Parameters 

Area: 42,200 SF 
Tons: 420 
SF/Ton: 100 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 
% of Design Constr. Cost: 
Constr. Cost Difference: 
Annual Op. Cost Diff.: 

Design System Payback: 

20 Yr. Cumulative Cost: 
Cumulative Cost Diff.: 

8 65,087 
$ 1.54 
$ 12,000 
$ 752,900 

100% 
$ 0.0 
$ 5,962 

0.0 years 

$2’431,364 
$ 91,217 

HVAC Energy 

KWHJYr. 1,261,817 
DOE RUF MBH: 14’639,178 
DOE RIF MBH: 4,307,200 
BTU/SF/Yr. 102,066 

Energy Increase 
from Design: 107% 

Energy Reduction 
from 1975: 41% 

Non-HVAC Energy 

KWHJYr. 7’686,513 
DOE RUF MBH: 89,163,546 
DOE RIF MBH: 26’234,068 
BTU/SF/Yr. 621,660 

Total Building Energy 

KWHJYr. 8’948,330 
DOE RUF MBH: 103,802,724 
DOE RIF MBH: 30’541,268 
BTU/SF/Yr. 723,727 
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TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

ALTERNATE NO. 2 FY1975 CONFIGURATION 

RECIPROCATING CHILLERS - BASIC BUILDING DESIGN 

Statistic Present Scope 

HVAC Systems Parameters 

Area: 
Tons: 
SF /Ton: 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 
% of Design Constr. Cost: 
Constr. Cost Difference: 
Annual Op. Cost Diff.: 

Design System Payback: 

20 Yr. Cumulative Cost: 
Cumulative Cost Diff.: 

HVAC Energy 

42,200 
420 
100 

$ 106,423 
$ 2.52 
$ 10,000 
$ 675,400 

90% 
-; ;;,;g 

Y 

1.7 years 

$3’309,954 
$ 969,807 

KWHJYr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU /SF JYr. 

Energy Increase 
from Design: 

Non-HVAC Energy 

2’128,445 
24’689,962 

7’264,383 
172,142 

180% 

KWHJYr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU /SF JYr. 

Total Building Energy 

7’686,513 
89’163,546 
26’234,068 

621,660 

KWHJYr. 9’814,958 
DOE RUF MBH: 113,853,508 
DOE RIF MBH: 33,498,451 
BTU /SF JYr. 793,802 

Report Page Number 
Statistic References 

(IV-43)+(V-39)+(VI-18) 
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II. 

FE!?MILc;E; D-0 EXFERIMENTAL FACILITY 

SITE WEATHER DtciTA AND DESIGti F’KOFILES 

.L../ 71 Cli=TClFER y 1387 
,!JNALY”T‘. bd . S . F . ~~::RSTlJLOV I CH 

F[:F:M J: LAB ix.lNS‘rR!JC’T’ I UN ENS I NEER I I'dEi SERV I CES 



WE:ATHER SUMMARY 
Site Name : AlJR’JFiA , I L F-ERM I User Defined D3k.e : 11-r:,3--E37 
~~X~*~Xlr~t~*~~~~*3*~*~~~~~~~~~~~*~*~~~*~~*~***~~~~~~~~~~~*~~~~~~~~~~~** 
TABLE 1. S I TE DES I GN WEATHER DATA 

L.ati t.ude x 42 deg. Elevaticsn EL- 744. Feet 
Summer design dry bulb - 73 F Winter design dry bulb = -6 F 
Summer design wet bu1.b = 76 F Daily range Z- 2t:) F 

~1~%~~8~~tlltl*LILbL~~~*~~~~~~~~~~~~~~~~~~~~~~~~~~~~*~*~~*~~~~~~~~~~~*~~ 
TfiE;LE 2. F’EAK SOLAF: GAINS (Ejtu/ (hr--,c-qft) ) 
____________________---------------------------------------------------- 

I Month t I i-4 NE E SE S SW W NW H : 
__1_____________1__-_11_______1_________-------------------------------- 

: January I , 9.6 13.2 107.4 173.8 189.1 173.8 107.4 15.2 107.6 I 
t July , 17.1 144.7 189.6 148.8 88.4 148.8 189.6 144.7 264.5 I 
____-_______________--.----~---------~----------------------------------- 

Carrier peak solar data used. 
Values corrected for altitude ( 744 ft), design dewpoint ( 69.3 F) 
% Available Sunshine : Average data: Summer = 73 % ; Winter = 35 x 
***X*a***d*a***tlX*t~~**~~~~~**~*~*~~~~~~~*~~*~~~~~~~~~~*~~~~**~*~****** 
TABLE 5. OCCUFANCY SCHEDULE DATA 
__._______ -..._-.__-----...-- ----I -----.-----------------------.------ _-----__-__-_- 
8 8 I I Sun I Miin : Tue i Wed : Thu : Fri I sat ! 

________ __--.- ___- -----.----_--.-.-_.-.-.__--.--.-------...- .---- -------------- _l_-____l___ 

f Begin I OFF : 7A : 7A : 7A t 7A I ?A I 9A : 

I End f OFF I 6 F” f 6 F’ : 6F’ I 6F I 6F’ I 2P t 
_____________________ - _I____....._____ -----.---“----.------------------------ ----- 

Average occupancy : 1.0. 0 hrs/‘dav 6 6. !:i days/week 
Number af summer shutdown days = ;:i 
tL**~~f*YX~~*~~t~tft~~~~~~~**~~~~~~~~~~~~~~*~*~*~~~*~~~~~~~*~~~~~~*~~~** 
TABLE 4. TEMF’ERATURE E I N DATCi 
_____.._.___" .___ - _-.. -_._-_--.---- .I_____.___,____-_-- ----.----- -_---._ -_--------._-------- 
I I Ein ! Bin 
t , Dry I Wet 
I Ectlb I BLI 1 b 
t i (I=) : (F-1 
_--.------WV..-- --.---- 

93 
$ t:! 

a s 
8 !:I 
75 

7 0 
65 
t5t:! 
5 5 
5 0 
4 5 
40 
T .Z’ 5 
3 I:) 

2, 5 
2 r:, 

15 
I(:, 

9 
(:I 

- 5 

-6 
-6 

I 7 6 . 0 
‘ i 71 .E3 
i 8 &,$ . c:, 
i 8 66.3 
, i 63.,5 
I I 60 . ? 
I I SE.2 
8 I 55 4 Lb. 
I 53 &L. 7 
, I 50 0 . 
I I 4 5 . 0 
t 40 . 0 
4 1 35.0 

f 3i:t . i:1 
6 I 2 5 i:! . 
t 2t:r . 0 
I I 1 5 . 0 
I / 1 iI1 . 0 
I , 5 . 0 
I / !:I , r:, 
d 1 -5 (I f:, 
I / -6 . (11 

/ I - 6 0 . 

I i B i. n 
: Specific 
I I-k~mid i ty 
1 I [lb/lb) 
-.---.--- ._-_ --..- 

(1) . Cl 1 5 3 

(1) . i:! 12 4 
(:I . (I! 1 1 4 
(11 . 0 1 i:r 6 
i:1 ” i:1 !:I 9 7 
0 , c)(:)y3 
(:I , t:bci87 
(11 . cl!:)!33 
0 . 0079 
6 . (11 i:) 7 6 
0 . iI) iI> 6 2: 

(11 . 0 (:I 5 2 

0. 6043 
iI1 . i:) 1:) 3 5 
iI1 . i:,t:12fg 
i:1 . i:1i:122 
r:, . i:1017 
r:, , O(5 .I 3 
i:1 . 00 .j. 1:) 
r:, . r:1 r:r (:I 8 
(11 . I:) <:I (11 t, 
t:i . i:) (1, (:I 6 
(11 . t:) !:I r:) 6 

8 t ‘ Bin Hours ( hr/vr) I 
; __.____.I_-_.-_ --_--.--- ------.---.---------I ; 
I i Total 
4 I HisurE:; 

; Unoccupied : 
I 1 Hours : 

r:, . 0 
4 C) . 4 
95.7 

244.6 
453.Q 

628.2 
73-x. FJ , LI 
755 4 cc. 
726.7 
679.7 
643 Lh.2 
651.3 
655.5 
635.6 
569.7 
459.2 
330 . 9 
211.8 
121.4 

63.6 
-v ..1..5 .-I 
,-, c L d , 7 

iI1 . !:I 

I I Drcupied 
I I Hours 
_ -._-_-.-- -------- 
t I (:I . 0 

, / i.3. PI c 8 
I I 59.4. 
I / 145.3 
, I 237.7 
, I 271:) 6 . 
I 5 264.5 
f 3 5 5 i-1 b-L..- 
! I 244.7 
i .-I?-,-, I A.;.& . 1 
8 I 229.5 
t / 237.6 
t I 238.5 

I 218.2 

I 174.5 
I 122.4 
I I 78.1 
I I 46.1 
I .-7= I i t-1 . 1 
I I 12.7 
, I 6.2 
I I 4.6 
I i i:! * (::I 

I I i:, . (11 
I I 14.6 
4 ‘ 36.3 
4 , 99.3 
I f 215.3 
I 7c2-7 , 4 b-1 / . 6 
t / 463.3 
t i 33:) . 4 
I 482 . 0 
: 447.6 
t I 422.7 
8 4 413.7 
, 1 4 17 C) . 
I , 417.4 
I 397 7 b .L 
5 I 336.9 
I 
I 7y? 8 Lb&.. 

I 165.7 
I i 96.2 
I 1 so . 7 
, I 2,.3 5 
t 21.1 
3 I i:, . C! 



BIN HOUR PROFILE 
Site : lURORB IL FERMI, User Defined 
Date : 11-83-17 

SUMMCP Dry Bulb = 93 F 
Winter Dry Bulb = -6 F 
Daily Range = 20 F 

I 
I mai Y IWY 

H 600 L 
R i 
Ji 

II 5001 
IV 
I ii 4RR! 

Y YYY, 
I 1 4 
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III. 

FERMILriB D-0 EXFERIMENTAL FACILITY 

SITE MAIM K’ING LAKE COOLING DATA 

31. OCTOEEK, 1987 
ANRLYST : S . F . KRSTULOV I CH 

FEHM I LAE; CONSTRLICIT I ON ENf3I NEEF: I Nf.3 SER’V’ I CES 



FE [;:I !,,,I 1 LA, Es s 1 “j-E:\ (‘; [;I 13 1,. 1 I.,1 (3 ‘$,(,$,,-r E R /I3 R jJ F 1 L E s; 

l.lXX.t HC PSHClS ‘G LA); E ‘A’AT E FI CC+,4 W, II % ++I 
sn 

en 

70 

611 

511 

xt 

xt 

2u 

111 
8: H F‘EFI I+, F! API? t,vv JUH JUL .WG SEP C~ CT &~A,. UEC 

t&; W ~~E)WTHL’,” ‘~PLUEK I I 
a LkKE -I- P.!C u Iit .!.!. AR ‘#Et 0 PC-H us 

f-E Kb.4 I L&,8 SiTEI t; i_t tl...ltJ 13 #kTEF;1 PF: OF:‘IES 

KCC IHIS p3HIi ‘~2 L”4; E ‘A’P;T E Ef KY+ 9 d E3 S GH YI I, 

Ltu 1: 4.9 %i’l. 

SEP 

/) / / B,‘)j~~~p,~ 
II 1 

‘I,) 1111 ,I , 

‘I 01 i I 
11 ,‘,I f,’ ,I’ ? 3 ,:x.. t.N? .“ ,/ 

I 1 , p’ $ j21$$,.J ,,.. f”“:.- 
(‘5. Frq 

1 1 4 J#y ,/ ,,./ :::A- 
{I ,,..l/ ,,A “,..h,, 

,&I, t , $, 
,I &y,t .,,... .*.~“/a”. 

“,,, 
1) &PI? (mq 

t,iq ,; g m;:;. 
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FE F< !,,,I 1 LA, @ z; 1 T’ E (1: 0 0 L ) I.,4 ,:‘I ‘y’$,A,T E R F:l H 0 F 1 I,- E 5 
CCXW Hr; P3HO6 ‘VI; L%t’i E ‘r’l’.+l’EB D”tW,flSC+i Y I 

Yll 
-I-- 

-----_-~-_ -- ----___ 
1 

c 

I.k tt FEEI hAF! PP F! WY Jlltt JUL Au E; 8EP ,3Cl #-p,” UET, 

[- Ll.lES 
AtF! ClEt A!F! ‘Ast 
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F/yF;pq 1 L.J!,B pJ\Jl’~g&L,, 5; -j: “[ Ey S~~!~~ A/-;5 W(q‘J-Ezq F:‘R’SF 1 LE.4 

M E A N l-4 0 i-4 -r 1-l ii A 1.. 1.1 r:: i:-: 0 iF s I G N 1: F I c; A N ‘T I rd D I c A T 0 R s 

JAN FEE MAR APR MAY 
LAKE WATER TEMF T-3 .-‘A.. * (‘) - 32 ” (1) 57.4 53.8 58.6 
OA AIR TEMF’ DE{ 18.3 19.2 31.6 40. 4 53. .y 
OR AIR TEMF’ WE 1 f3 . 2; 19.2 31.6 40. 4 51.7 
pcjr.m b.tATEFi l-E:plF:’ 44.3 4.5.2 54. . 8 63.1 69.5 

J LJ N Ll UL ALiE; $EF: OCT ruv DEC 
&!g.3 7 9 I, 1 8:” ._I . -7 I 7 (7 “. Cl / 4f.b = 1 ‘71 .rL. 0 
64.7 -7 I “9 .A . c:t 7;& s .,.‘. -* 7 1. ,, 2 34.2 ;:!:I . 1 
58 I 3. &,5 . .I 6. 4 ” a:.. ‘3 6 l I ‘7 St:, . 2 ..L -715. 2 ao. 1 
74.3 [j 7, ” 5 8i.l ~ 7 P’“” / .L I II b t, . 7 E: ..J “7 i Y ‘“‘i 4:: 46” 1 
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IV. 

;:- ;:f F;; p; 11: 1 ,_ b:, f,; I;, -.. (;:, E:; :< p [ii: fi 1;. p! ~~1 r.j ..I’ i;.4 j,,, F:. p, (11 1 1,. j -r c.y 

5; !J [3 [I [::j i\l S “f’ ii [,,I c:: ..[ 1: [I! i;..J ,I, ,/’ :::j[ .-.. (1: (1) I, ,, 1,. : ‘L:j 1 t::; 1.J & I;.! I:) g.+ s, ;.; [+; r”l g{ i,,_ y 1-4 & /_, ,__ CYY 

?:: ‘./ I-’ .‘; 1.: ji.i ijfj .” * _... / ;: +c;:, f-! ,.,j i,,, ‘y :‘; :/ ‘:I; 

’ .’ 
. : .!. 

(3 i’.: ‘1” (:,j 1.:; fz: 1:: .j ‘.;’ : “‘\ 
L / 

piyr”ij ,.‘y’$:“i f ___,: ,, 1” ,, r .i:: >ii “1 ;ji _,,, :,,j!;! 1;: (‘;,+ i::.: 



IV-a. 

FEFiM 1: LAE D-.-C) EXF’ER I t33nm.... F&C IL. I TY 

SLJE;CC)NSTF:LJT,“l- I ON ,113 - iXN..L IS I ON. AND fiSSEP1JX.Y HALLS 
Bt! I:L..D I ItiiG SECTOR F’H YS I C“RL. F’ARAMETEHS AND DESCF: I F’T I iSN 

z 1 (yjc-l-(:,L.>;:p: , J-987 

{A $1 (!q i,., .y’ s -I_ ; 5:’ ~ F’ , t::: F; S T UL 0 b’ I C t-l 

FIEFPI I LAB I:I::lr~~STRC!C:‘1” I: i:!N ENi: I NEER I KG SE33 I I=ES 
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t:UMf-‘LE’ X B1.J I L..D I NG I NF’UT SI.!MMARY 
Eiui 3. dirlq Name : JJ--.t:! ‘,‘;L.l~[:!~NSTF~I...lCT’ 1. r’,: I:! a, t 17” : 1. 1 -- 1. &J-E7 
Site : AlJF:#t?A ? :c I.... FERM I ? l.!se t- Def ined 6 !I! 1 1 :, ES & 1:’ . (1) 
~L1~XI*101~8~~81~~~t.~:~~~~:~:~~~~~:~~:~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~.~~~.~~.~~~.~* 

1. F:ClOtl CC3ND I TI 13klS A;‘J!.Y! FLOOR AREAS 
Thermostat settinqs : Coolinq =: 7’S F; Heating: =: 653 F; Sjpfbac 1: ;r: 0 F 
bJ a r IT? - 1.1 13 fat t.(-J:,- z.. !? :i. ; F: c) cl m d E; t i. r-1 n t- e 1 a f: i. v e PI L.\ in i. d :i .I: xi; ‘- &::I 7. 
F 3 C?OI;’ i;reac; : p $2 r i 1,) CT t: e f” E: 24 FA~(~ji:, Ssft; Irjt,+zzzri.cjt- z:L’ 

_-___ 1.: _____..___...__._,____ -.__-.-.-..- ._...-.-...--. --.--.--- ___._I_....__._ -.-.-.I---.-------I_-_._- _-_._ -...-“_“3L’ 
C: n 0 1 i. I’? (3 p t- c::! v i d e cl d I..! y” i. n q 1.1 I-I c:! c c CI p i. e d 13 e r- i c? cl . 

2. WAL.LS ? lxlol= 7 GLASS ! 5%:: YL. I Gi-i-r!3 : 
Area U-Factat- Glass Area GldSS U-Factor 

Ex pnsure (Sqft) ETU/( ht--saft-F) (Sqft) BTU/(hr-sqft-F) 
_____________________ --..-------.----_“...- -...__----_.-_ ---- -.-- -_.....--------------_-----.. 

North Wall 1 ? .3QC! 0 1 ‘=,i:t .” . \” 10 r:, 1. . 130 
Northeast Wall C! . 1. 5 0 0 1 . 13(:) 
East Wall (:I 1 cT f.1 . cl . <:I 1.1.3it 
Southeast. Wa 1 1 C! (:I . 1. 5 (1) 0 1 . 130 
South Wal 1. (J ? 6 !:I (.I Cl> . 1 si:, (11 1 . 15C) 
Sollthwest. Wal 1 0 0 ” 1. 5 0 (1) 1 . 130 
West. blal 3 2 . 8 !::! !:I c::: ” 1. 5 (1) C! 1. . 1 :;!I! 
Nor t hwe5t. wa 1 l (::I, [:‘! , E >-, II _“. .-Ii,) <::I 1. . 1.3r:1 
p p r i, (ra (TT ‘b, p f 
I ri t e t- i 0 r F? 0 n f 

[ijAI-,L.S : Co 1 12 r.. II: I);! r' 1.:: ; 1J t: " =: MC.? c:l 1. L.19 / " RCX’X~: C~Q].C:JP-, - t-Iedi ~.t(!); 1~Jt. = Medium 
B u I I.__ D I PJ G 1~11” . :z M $3 i.l 1. i..l ill : !i'!_',:C$ T' 1,: (; (4 I,_ (;; Lv $+ 3 CL; E c; i / -, c7 :I_ e G 3. cti Z E' d 
$3 fj a d ,zz F-' ;. c t, cj y-' c; : (3 1 ..' i, ::i; \x; z:: 1. 1( iIlCit::b :: 5 1.:: .# 1 ;j., i-1 I-, -1;. Lj:;. 2: (1) I c; <::I [I) 

I i"i t: L? TTi 3 1 s h <S d i+? 5 a r-e ~1 c:? t \-I<; e d . ; {?j (1.1 f+ i, 1 ,i, r-1 (1; . ..I I::, 1 en \..I CT> i 5 i-f (3 ,t u 5 rci I 
___..,.__I...__.__ _ -._-...___. __-_._.-- -. _-.._.._._-.._._. - _....I.. --.” ...” -..-” ..-~....-....-.._. ._” _._._._,..___ - __._..-_-__. --._- .._ - __.-- “.“-..-- .._.. --_.----_----. 
-.T 
d . I..- I: G t-l T S :: 

F’py- .i.nle t.et- : 7. I :.:I!::!:) l&j F, 4:;. f 5, ,i 5; [:I f .I., 7 -:I. i ._:I ? 2 ;::! (I! w <.I t. t:. 5. -r 0 .t & 1. 
1l.J ;l ‘1;. t, $6, / $; fl f .i.. Z C! w a. t. t. 5 -r c:i ,t a :! 

i..j r’l ,:j <::: c: L..\ p i p d -: 1 i! i::! ;. 

---__---_._ 

4. I r1 1 5; c: E_ I ,, L.. A PJ El:’ c! 1 .,I I:, I_’ I,,, Efi’ (-:. ‘T’ p 1: (:-I, c\ I,,, I-. c:j &j 1:; 5::: : 
F’ (z? f‘ ;i. i’fj CC) t;. p Jj_ : [j (‘; c: 1, ,I Fj ,j, p (::I 3::: 2 . 4. :;I ‘7 b,J c:; t., t, 5: /” $; q j’ t :::: &:: c::! 1 i::j 1:‘) !::I bj ‘3. f t: 5 7’ Cl t:. 6, J 

I-l r-1 c:j C I:: 1. ! 13 i. e d =- (3 y Etj 112 (::j l&J gi .t;. t. 5, /’ S q f ,f;, ::::: z(y) , i-2 i-1 c-1 . . w .:3 .I-. t.. ‘3 f” 0 2: a 1 
1: r-i I.- E’ r i. 0 Y” 

4 c. F’EOF’LE L.CJA1)S 
Total CIccupanc:y = 2, 4.4C sqf t/‘pPr..5017 - 1(1! people tot.31 
Ackivity Level. : 4. M P d i. ~.i il) w D P- 1:: 
Sensible =: 2‘?5. 0 ET’lJ/t-It-/pet-son j L..alren t. - 455.0 FTU/hr/person 
Diversity Fat: tot-s : Clccrupiid - 71:) :I: ; I..! n n c c 1.1 p i. e d =: 2u ii. 

____--- -_-__--------.-----____ -.--.. --.--.__.-.._ -._____._” ____..I__.I.-.....-_-I- . . . . . ..----.--__-___-.-----...~-~~ 

6 . MI. SCEI....L.ANEOlJS I NTERNRL. !-3&D”‘; :: 
Sensi.ble : Occupied = 0 ET 1.1:’ l-r t- ; Unoccupied =I: 0 BTU I’ h r 
L.aten t : Occupied = 0 ET U :’ h r- j Unnc:cupi.ed ~2 0 ET U :; h I- 

__________.__________. -_---- -.-._--._- ---.---..--_-- ._-__-.- “____” .---_-- -.-------- -... -- -... -.------ ---.. “_. 

7. 1wALL.s AI’IJACENT TCI NC3N~-~~COr\fD :[: T I: CWJED I?Ei:i 1 [:iNS : 
Wall. fireac z p p r i r, ~2 .(y e I- z. 2 ;i 1 5 [:j [:j S cl f t;. ; 1 f-, * E+ r 3.. ,-j f- =: !:I Sqft 
w a 1 1 u ‘-‘F a c: t i:3 I- = (y) ,, ;5 2 (:I) RJ”LJ/ ( /.-;r ..-. ;(-j .f t--F- ) 

Hd .j ac: en t Y- EC! i. c:jr? he a I.. i I-I y! te p r(l p E’ y <$ t.. 1.1 r- p ::: &<::I F- 

Ad j i3 C: E? l'l t VW E i! i. i:ii-i i:. C! i::) 1 :i. T'i I:::; ti iw? ill 1.i (2 f " sa 1;;. (. 1 r c? :ZZ (,!:j F 
___..__,__ __ _.._ - __._- __._-_-__._ -.__.. -..-- ._... - .._.._._ - .._._....." ..,........_..._.,....... _ .._..._...._......__..... _........-..._lll-.-._-.....-...._..-- ,---.-...--.-...-..-...------.-.----. ----_- 

8. .T NF I LTRAT I ilkl D!2TR :: 
A i. t- F 3. n w Fi a t e 5 : [:j ci [:I 1.1, c, j p i:j ::: 2 !::I (::I c f rfi ; I..! I-: 0 c c:: 1.J p:: Ii E’ d =:: 1. !:jr:l c: f m, 
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IV-b. 

F fZ: 1:;: i’l 1 L- (.; E rj ..- ;::,I 1.’ 3; F-’ E 17 ]: tq E< r>j i” AL F’ ,!2, il; 1 1.. 1 -I_ ‘y’ 

E;!JECCjl'.~t3'jTFiiJC'1" I rjr,j j,./> - i:Dl,..l- 1 SI ol;l. Al\lIj ASSE:MBL'{ H&jLl-S 

BC! I i...n I NG L..C!Ar; CPILCIJLAT I ONS 

-T 1 .__2 iji,T’[jBEXFi , 1,yfIj;7 

A l;l A I.._ “f’ :< ‘1’ : S a F . t:::FiSTl~l!-CIV I CH 

f- E R t-1 1 1.. A p [:I f.1 p%j ci; -y 1::; 1J c; -r’ 1: 0 p,1 E pLj [< 1 p-j E E Fc; 1’ N r; s F_ F: tJ 1 i: E: s 
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t.. c! n [;I 1:’ 1.3 rr; 1:’ I I,._ E S LJ Pi ?I A F: Y 
Rr..! j, 1. iTi i r-1 ij IA C! lx P : D .-- (11 Ef I! E; [; [I) $1 B -r Fi !,I 1;:: .‘/_ 1, / :; [ [:10 l~i p 1. p :.: ) Date : i. 1. - I. b -‘8? 
‘5 j, t; e N SiYi 13 : {I) [,J R [I R {.; 1 1 I__ F’E;; 1-i; r.‘I 1 n (J 4;. ($1 ye 1) &Y? f j, f-9 (F? (j 8, !::I 1. 1 7 g & 1:: ), i:, 

tb~t:~tt:~dtb~f~b~:tttt:~~~~~~:~~~~.~~~~~~~~:~~~,~~~~~~*~~~~.~:~~~.~~~~~~~:~~:~~~~~~~~:~ 

T Cli EL.. E: I " O(=CI...lF'I: t:r> F-'EK I i'.,r::j ( Lni2rJ doe.5 f-i c:r t i 1-i c 1 1.1 i:! i2 v P l-l t. . 1. cl a d ? fan !-I e a t. ) 
__,___,__--._,___._ _.I__,__.__.__,_._._____________.._,_____. _ ,.,_..-_-I" ._.._.__.__._____I__I -.----- ..-.-_. --.-- ----..-..-..--.--I-...-.- I---- .--.-. 

H in E7( in .::I -. -- ._- -- -_ .-- -- F' e !- j, ii, p 11 p r- 7 f-j I'", p _- -.- -- -.. ..- -- ;:. .::I .____ --_- .___.. -..-- 1 fi te f- i cj I- 
Z[ j r je-- - - - - : : : ,  

-r F? rfi rJ H n \..I r- 5:. s p f-j if; ;, I:) 1, p L.,, 3 -1, ET* f”i t, F-’ ‘I Eil’l c.1 n, ZcrriE:. Sert5.l b 1 e L a f. e n l- F:‘S nrrum Zone 

( tCji*it=, ) ( tor;a ) ( F I 
-_-_-----.-----_------------ 
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S~ySl-Epl I NF’L.!T SC.!P!MAHY 
;J a b Name : JJ - i-3 _ s l.l Fc c; Cl N 1 / 3 I? E s I s N SYE F a C] e 2 
E Li ?. 1 d i. ri Cl r.4 ;1 l-n e : D--O SI.JPCi::jI;~STRt.Ji:;T 1. ;3 < C;GiiiilJ 1 e:.: j Ill, t.e : 1 I-i&-a7 
si.t.e : AlJRORA ? IL. FEF:MI . User- Qef ined &(:‘! 1. 1 -,?8&2 ” (L) 

Sc CJ F-Je Cj f An 3 1. “5 i 5 : Ca<xl. i.ng and Heat.i.ng Sy~r;t.em~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i: . conr.. r r43 F’LRNT S 

:::. 1. . F’ER I METER F’LANT : FiEc: I F’KCIcxT I i-43 WA’TEF: CC:li’31_E:I::i 
Capacity @ 85 F entering water - 7 5 . 0 t 0 n 5 
t<W/Ton @ 85 F entering water - (3 . P 5 1:: w / t ci n 
Is hydronic coulinq used 7 ~:::Y:::~ 
Is c hi. 1 led water reset. used ? .:::N::: 
Is hot gas bypass uced ‘? CN:::, 
Is condenser performance a 1 t i t. C.I d e a d j LI s t e d 7 .::: Y :::. 
Is there one compressor per condenser circuit ? CY::> 

Are compressors cycled 7 CY::; 
Heat sink: type : Open canling tower 

Minimum entering water temperat.urf; = 3 2 F 
I c, a h y d r csn i c ec: an (71~1 i z e r us ec! ‘7’ .:.I Y :::, ; Ecnnomizer ef fici.ency = 80 % 

~~*t~~lt~l~~~t~~~tt~~~~~:~~~~~~:~~~~~~~~~~.~~~~~~~~~:~~.~~~.~.~~~.~~~~.~~~~~~*~*~ 

I’ J . F’UMF I NG SYSTEPIS 
__,___._____ -._.--._- ----____.__._._...__,.. -_-I--.---.--_--._ --.,-._.. --..----.-“--_.-.--.-” -.--.---.------..---- - ---I- 
I I t I I !Z’ Ey F< I[ 1’1 p: ‘!” fxy Fr / 
I s ‘V 5 t. e m , I # dl’, F ! dr:‘. ft. WC1 
__ ______” ___._,._.__,_..__,.__._. ._.___.________.__..__._._. _ _.__..._......,,_..._.___._....._.._.,____._..._._.._.__I_ _ _.___ I __.__..._ El-I--- ._.__ l-.“r’.:..-.EE!-i 

: c h i 3 I. e c:l w a t e r a I / 
I 1 i:, l-i i"i . . . ._.. 3 1. i::j i:t . !I! i:1 I !::I - .:: " ("ii 1 I f:! . t:,i:t f 

I Hot water I ,... I / / I ?,! ” i:ti:I I i:! ,, !;:I!:, / i::j . c:> i:, / (1, . i:lil I I 
: Condenser water I .I. 5 . (1) i::* 8 5 i:j . i?i i::, I / / ('s " (;:I(:; I I i:; . (:I!:! I 

: Gr-C:)\.IIid bJat.eP- I i:i . i:jiI! I - -- 
i..) . i..!i.) , I , ;:I . i::> 0 i:> . c:H:, I 

#c g i# l#c * :# * g x’ :* g, y: g * #i l$ $. jt jt # $ * $ :+ $ g $ $ :* g :h 4.. :* *, !# :+, ri;. $ $. yc I$ F+i # If: #: :+. * * * :?; ‘4 :# .$ * *. #i :g #t $, g $. * $I *. $ * * * * * r# * 

E. p.4 i:;i p.4 -.- t-I i! AC; t3 Xi C; T E I+} <; 

:.: 1. . N[3pJ-- 1-l !J Q i:; E; [-, F: [I-r F;: 1 [‘(I$ I__ F_‘N f.:: F; (3 y’ 1 I rij [.i: 

L.. i. in h t i I-; cl 1:: Ir! : cl c- c. !. i I::? i. e c! _ -,. :“’ ; ., ,/ . 2 . . . I-:: cd y ih SIC: i: \..I p i. E?ij = ‘7 ‘7 .__‘I . 2 I:: w 
M i s c.. . I.: kJ : [j ~1 r; 1~1 p .i e c:j :z &(::I . i::! I.:: +,I ; L.! r-i CT: c:: c !..I p i e d -2 5 i-. a.. .2 ” (1’; 1.:: pJ 
Cl t he r- 1:: w : 0 c c: tet p i 0 ci :-:: i) ” i::! !.:: p.! 5 U n c:: c c: ct p i e d =:I 9 “” . ! ! 1.1 pd 

.., i., ..‘. i:. . D t-l i&J S Y C;“r E M ( t4 11 t. 1-i t. :i. 1. i ;? e (:I i r; ‘t, f, ,i Gc;, 53 ‘X7/ 5;. t,, p (li ) 
k# $ g #. # 14, !# !+ $. $ :g 8 $ :+. $. :# #. ‘* $: :# #t * ;+ $ p $ 8 $ J.+ !# * # $ :p ?& $I :* g g # * * g :* ‘$ :$I .$f p * J! iii. * +I * +I $ :f: * ;t; ‘$f li: z# * z# $ * f I)( * # * 1% 

F. F 1.~ E: i... c CJ 5; -r 3 
__,_ - ___, -__---- _._- -_--.--..- ..~..__._..._..~...__.__...I.._... _ .__..._..,. -- .._.___.__. ..-....,_.__. _-.-. - ,..... --- -... -- ..---” .-___._.. - .._. --.- ..-. - ..-_-...- -..--- 

:> 1. . 4 F:’ (2 jl” i ,--, cl ._, .P, 1 ,/ .;. . ~37 t-m:: t=ixx i:j I Un i .I: Ci35.t 
EL.ECTRICAL.. I Cic..c~.~pi.ed i 1.1 n o c: c cl. p i cd f _,._ _“_ _..... ._..^...__ ..__._--... -_.. ..__.. -.,,... -.__.. ,._.......__. - ._...--. ---.--.---- 

ENERGY USE I ( $ :’ 1:: w h ) t f % :’ I-: W i-7 ) ! I Natura 1 Gas I I n/a $/ t.herm 
------- -_---------._- -._.-_._._. - _._-._---_____-_,___... : Fuel. i3il 

I 
I n/a $/LJ.S.gal 

Compress;or : O.i:)5iI> : 0. Cl50 t (F’roparte I , n/a B/lb 
Resistance I (11 ” i:> 5 i:1 ; (:I . (11 F_io I I F:emote Heating : n/a B/METU 
I n d UC t i ve I 0 . 0 50 I iI! . (3 50 f I Fi'EiilC>tE? Cool ing : n/a B/MBTU 
--_-------------.--------~.~--....s .--.. ------_ ____-- -....._-------------_----------~-. 
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31 fj@fJ6(:1 

i:, 
(:I 
(:I 
0 
(:I 

21 467 498Q31& 

I:IC:iE RIF 
( ~CI!:)(:) BT’U ) 
---------- 

536152 
929178 

(:I 
(:I 
(11 
(11 
C! 

---------- 
1465739 L -IL 

_- __..._...__, ..._” _... -_“-- -..- _.._. .._... - _........,......-..._-...__.,. -.- ..-..._..-.--_. _.___.- -_--_-.._ -._.__.___._.___-___ 
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r.j ij :-, -- ir 1. e t t y j. C: 9. :I t-1 !,j [>I ;:": 1.T ["I cz r (::I 1.; :X .- ('1 " - ",T _ . !.)C! I. 0 f T 0 t a 1 E i-i e r ill y 
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fvwux.. OF’F~AT I NG C:DSTs 
Jab Name : I)--i.! S\JE(3Cjp.J I/:): I:)E..$.:; 1: I';PJ sys F:'aqe 1. 
bui ldi rrg Name : 5 -’ !::I s 1.1 I3 c:: c:! i-4 s T’R LJ t: T 1. / 2; i i: om p 1 e :.: ) 53 te : d 1 .I.--J.iJ--87 
S i ,t. e : ALJRC:~KA ,, 1’L_ FE‘RM I: ? i.ker Defined br:! .I 17862 ” (3 
Sc:c3pe af AI”ialy5is : C:cx3l.iI-i~~ a n c:l He a 2: i ri Cl s ‘y’ S t E’ iTi 5. 
t~6mbLILObt~ttf~~~**~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~*~~ 
A. A 1 F’ HAr%JI)L 1 l\.JG E’r’ST’EMS ( ANNi..JAL. FAN ClF’EFiAT I NG CC:,ST = % 2t~i f i:i43 j 

‘.. 4 ..” I . FE:R 1: METER TERM I Niil- ‘T’YF’E : C:iNSTF:NT V3tWlE 
Supply fan tvpti : E a c I:: w a P” cl i. r-1 e 1 i. r-1 e d c:! r a i r f D i. 1 w i t t-1 i T’i 1 e t vd r-1 ~2s 

Supply fan total statics pre%s5ure = 3. 00 in . WKJ . 
Return fan type : Ccmtrallecl pitch axial 

Return fan tot,al 5tati.c prec5ure == 1.75 in. wg. 
5e5i.gr-b supply air= 4~ZC!OC) c::fm @ 67 F’; Vent. air= 3(~lOC! c fm 
Are cc~al. ing termi.na1.s used far heating ? CY:::, 
Ecnnomirer type : Integrated p ent.halpy cc3nt.rnl led 
Is a vent.i.lat.ion reclaim device used 7 CIA:::. 
Are ventilat.ion air dampers closed for unnccupied periods ‘7’ XN::. 

~*********~Mm*****k~~~~**~~~~~~~~~~~~~~~~~~~*~~~~~~~~~~**~*~~*****~~*~** 
B. HEAT 1 NG F’L..ANTS ( tQNNlJc7L. HEAT I NE F’L...ANT OF’ERAT I rci COST = %4SE3) 

:::, 1. . PER I METER F’LAt;J-I’ : EI-J[‘;‘j”R 1 (;‘&I-. fG;r;:; 1 F;T’&N[;E: 
I: 5 ti y cl r (2 ri i. i::: t7 62 i:t t i r: Ci \J c; e CJ ‘7) .::I f\J ::.. 

~LL*~bPbllXSb~~~~t4~8~;~~~~:~~~:~~:~~~~~~~:~~~:~~~~~~~~~.~~.~~~~~~~~~~~~:~~:~~~~~~~~*~ 
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I: s h c> t g as h y L':, a 5-z E; \u s e d '7 .::: N ::: 
1~. condenser performance a I. t i t i-k d e a d j LA 5 t. e d 7 .::: Y :::. 
15 thF:rE: cjne r9n:precsr?r per conder79er circui. t ? CY::: 

Are compressors cyc lad ? C’f:::. 
Hea t 5 i I-I I:: t v p e : Ciper-i cual. i ng tower 

Minimclm enI:.et-inq water temperature = ,i;2 ,: 
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(-) r-) i - . .- 
(1) , c;) ; 

6.0 I 

44.0 I 
39.1 I 

5 5 . 6 t 

72.1 I 

RR.6 I 
Q! y ! , .A. . I 

_..- ..__ --_.- _... 

t-1 r-: ._. . . . 
!:I . (:::I 
. . . I...! * (1, 

iI! ” r:! 

(3 . (11 

!‘:! ,, (::I 

ij ” 1”) 
(::I ‘- n !..J 
i-1 -1 ._. , c.,: 

(I! . !I! 

0 . (3 

(1) . CL! 

(:I . (1) 

(1) . <) 

6 . (3 

4 4 . 0 

3s.3. 
CC \..I 4 I b 
72.1, 

88.6 

93. .s 

_..__... -_.. 

i:! . t:- 

(1:) . i:! 
.-. ., 1." ! " !-I 

!.I , (1, 

!::I " ?::j 

t::! , !::I 
!'I I?') _ . . . 
(:I . i::) 
i.) . c::! 
t:, " !::! 
(13 . (1, 
t:, . (1) 
(1) . 0 
(::I " (1, 

1, : : ; 

1. 1 . 5 
16.3 
21.1 
26 . 0 
1.: & . $ 



FAN ANT! I=‘LJMF’ COSTS 

<IJob NaniF : o--f:> SlJgCiit4 Ii3 EESI Gt\l SYS Ba t P : 11-.-1&-.pJ’;7 

EuiIdinq Name : D-0 SIJBCCINSTRIJCT l/3 < Cnmp 1 ex ) Seria 1. NUiTit3E?t- : 

Site Name : ALIE'ORA, XL FEFiPiI y User Defi.ned 6!:!1178&2 " t:; 
___________.,___________._____ .____.___.,__.___.._______I _-- --..-_. - --.- --_-- ------ I -I-.- ---" ----^-- --I-.-- ..--I----- --._-- 

Ein : Bin : F'erimeter Farirs / , 1‘4~1 I:nterior Zone t Gl 1. F'LAlips 

Temp : Hnut-s : I n p L.I t Ccrs!: I I 1 I' i-r pu t. cost 
(I=) I hr/yt- : KW $3 ,J, '\/ r I I I I 1::: 14 */vr, 
___-_-- --- __.__- --"- _-__-_.- -- _----. ---- ----- - (-JyJ-JJF'],E~ F'ERI(-jD-.--- __.I.....__________.__ e---.L..-.-.... 

90 : 
85 I 
86 I 
75 i 
70 : 
65 : 
60 : 
55 f 
50 : 
45 I 
40 i 
7. .A 5 I 
St:! I 
35 j A..& 
3(-l ; L 2 
15 1 
ICI I 

5 I 
0 : 

-5 I 
-6 ! 

Tota? 

3’5 8 : &L . 

59.4 : 
145.3 f 
257.7 I 
270.6 : 
264.5 / 
2 5 5 . 0 : 
244.7 : 
L.Ji . -7'3 1 ; 
229.5 : 
237.6 I 
>::33.5 f 

218.2 i 
174.5 I 
122.4 ( 

78.1 I 
46.1 I 
r:: J . '7 c 1. I 
12.7 : 

6.2 : 
4.6 I 

COF,tS 

45.8 
45.8 
45.8 
45.8 
45.8 
45.8 
43.8 
45.8 
45.8 
45.8 
4.5 . 8 
4 s . 8 
4, 5 " E:q 
4 5 " 13 
4.5 " 8 
4.5 . 8 
4. :a . 8 
49 ?-' I c3 
45.5s 
45.8 
45.G 

90 ! 
85 1 
8(.? ; 
75 I 
7<.! I 
65 f 
60 I 
55 I 
50 I 
45 : 
40 I 
3, 5 I 
3(:1 f 
-5 ; ic 
2(3 I 
15 I 
10 t 

5 I 
(:I I 

-5 : 
-6 : 

Tota 1. 

1.4 . 6 : 
36.3 j 
yy.3 : 

215.: I 
:357.t$ I 
q.&j~.Iyys I 
Cl[a!fs\ 4 f ,., ._. . 
482.0 1 
44'7.6 I 
433 7 : 4-L . P 
413.7 : 
4 17 . 1:) I 
417.4 : 
395 3 1 c .* 
336.3 I 
252.8 I 
165.7 I 

96.3 : 
5O.Y I 
25.3 : 
21.1 I 

cost5 

4 5 . 8 
4 5 . 8 
45.E 
4 5 . E 
4. !?I " 0 
45.E 
45.53 
4 5 . 0 
4 5 . E3 
4S.E 
45.8 
45.8 
45.8 
45.8 
4.5.8 
45.8 
45.8 
45.8 
45.8 
45.8 
45.8 

59.0 : 

135.9 I 
77.7 5 ; .-'.-'i . c 
945.9 : 
619.1 I 
t,r:, =, I c .2 
583.4. : 

559.9 f 

531.1 I 
5.77 1 : LA... . 
543.6 I 
54.5.7 I 
LJyy "2 ; 
2;yy " 3 ; 
:2#r:, " 1 : 
.1.7&j j 
1. c::i 5 " 5 ) 

E: '-C I._! / . 4 I 
,'-# r'> iY.1 : 
1.4 . '2 I 
1.0 . 5 I 

p. 7 ,I. :j 8 " ::; ; 
--.-----------UNCSi::Cl.JF" I ET) F'ER 1 []I,---. 

3 3 61 j . 
83.?. : 

1;: 2 '7 3 ' . .I._. 
492 . 6 f 
El 1.0 . 2 I 

1 r:, & !I1 " f::? : 
1. 1.4-4 . 9 I 
1.102.0 i 
1 0 2 4, . 1 I 

y L& -y? ';y ; . A. 
946.6 I 
954.1 : 
'7 5 5 . r:, : 
904.2 : 
7'7(:! . i3 I 

578.4 : 
379 . 1 I 
22(;) ” 3 ; 

llh.5 I 

57.9 I 
4.8 . :5; I 

$1;~~<E:j.q." F_i f 
_.___.....____________ -- _._-- - _^__._ - ._...._.. -” .-.-._...-..__..-. _ _-_.-.---._---- - ----.-.-..- -- -__-.-. 

f 6 . T -1 8.1 
I I 6.3 18.6 
8 I 6.3 45 7 L.L 
I I 6.3 74.5 
I 6 .3 84.8 
I Ct 0 Cl 0 . . 
I 0 . (5 0 . 0 
I 0 . 0 0 . 0 
: 0 . 0 0 . (1) 
I 0 . 0 0 . 0 
I I (:I . c:i 0 . 0 
I I c:) . 0 0 . 0 
I I (1) . t::) 0 . 0 
I 4 (1) . !:I 0 . 0 
I t 0 . C! (:I " (5 
d r-t - / ..,. . f..! (:I . (1) 
, I (1) . i:, (1 " t:> 
I ! t::! . C! 0 . t:) 
, # i:> 0 (:I (3 . . 
I 1 (., . 0 t:, . 0 
/ I (:I (:I c:i 0 . . 
I , 4;2'31..4 
_,__ --" _--- - .-...-_.. --------- 
I 4 ,(> , -I; 4.6 
I 1 6. . 3 11.4 
f 9 t;; " :_'; "1.1 ._.I 
/ ti -r ..::a 67.4 . 
I / ii! . 0 c:i , c:, 
I I <j . C::l 0 , (j 
I I C! . !:I 0 . 0 
I 1 C! " 0 (1) . c:> 
I - s <;,I . !.:I t:, . 0 

f 1:) " c:! 1:) " (11 
I t:, . ::i 0 . 0 
I (1) . (1) 0 . 0 
1 I 0 (1) 0 0 . . 
a 1 0 . 0 0 . Cl 
I I 0 . cr 0 . (1) 
, I 0 0 0 ii) . . 
f (:I . 0 (1) " i:;+ 
I , t:> . (3 Cl . (11 
/ r (:I C! (11 1.:; . . 
# I (11 . (:I 0 . 0 
, 1 !:I <:I (:I (:I " . 
I / $114.5 

____ ____-.--- _-_- --------- ---- 
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COOLING CO 
Jnh I D-8 SUBCON l/3 DESIGN SYS 

IL LOADS 
11,. .  -  -  s - - - m m .  - .  -  --__ -_ .  - - -  

hi ldin 
il 

: D-0 SUBCONSTRllCT l/3 Komylex~ 
Sit;@ : URURR, IL FERMI, User Dcf ined 

Zone : Block 
Period : All 
Date : 11-16-87 

1200- - - . - - 
----------r -- 

1050 i 

. . 
R 
ii 3001 1 

‘-15 I -5 t 5 ’ li ’ 25 . 35 45 5s ’ 65 
BIN TEMPERMJRE, tF) 
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P 
0 
w 
E 
R 
! 
x 
w 

COOLING PLhNT INPUT POWER 
Job : D-0 SUBCON 113 DESIGN SYS Zone : Block 
Bui ldin 

if 
: D-0 SUBCONSTRUCT 14’3 CCo~plcx> Period : 811 

Site : URORCl, IL FERMI, User Dcf i ned Date : 11-16-87 

60 

-- I 
4 

301 

‘-l$ ’ -j ’ 5 ’ 1s ’ a$ ' 35 ' 4i ' 5i ' 6$ 
BIN TEMPERITURE, (F> 

J 
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COOL1 NG PLANT OPERATING COSTS 
Job : D-0 SUBCON l/3 DESIGN SYS Zone : Block 
Bui ldin 

it 
: D-0 SUBCONSTRUCT 1,‘3 CCo~plexS Period : All 

Site : URORB, IL FERMI I User Defined Date : 11-16-87 
400) t i 
3501 1 

I I 
I 

300f 1 I 
1 f I 

1 
1501 

leel I 
i 

,jj ‘-15 -5 5 15 25 35 45 55 65 75 
BIN TEMPERi#TURE, (F) I 

I 
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PRlMhRY HEBT ING PLRNT L&IDS 
Job : D-0 SUBCON h’3 DESIGN SYS Zone : Block 
Bui ldin 

z( 
: D-0 SUBCONfTRUCT 113 ICa~plex~ Period : cl11 

Site : URORA, IL FERMI I User Dcf incd Date : 11-16-87 

175 1 I 

-. --I I 
ii 50+- 

5 15 25 35 45 55 65 75 85 95 
BIN TEMPERhTURE, (Fl 
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PRIMfiRY HEATING PLBNT INPUT POUER 
Job : D-0 SUBCON l/3 DESIGN SYS Zone : Block 
Bui ldin 

i 
: D-0 SUBCONSTRUCT 113 KmplexI Period : All 

site : URORA I 1 L FERMI F User Dcf i ned Date : 11-16-87 
60,0 

52,51 

,5 

P45 
0 
137 
E 
130 

!22 
K 
I415 

_ - 

15 

7 

0 ,0M 
5 15 25 35 

-- 
45 

-. 
-25 -15 -5 55 65 75 85 95 

BIN TEMPERATURE, CF> 

,5 
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I 

I 
c 
0 

IS 
IT I ? 

‘5 
1 
Y 

iR 
j/ 
11 
! I 
IN 

PRI MM! HEK! I NG PMNT OPERATING COSTS 
Job : D-0 SUBCON l/3 DESIGN SYS Zm : Block 
Buildin 

z 
: D-0 SUECONSTRUCT l/3 Ko~plex) Period : Ml 

Site : IIRORA, IL FERMI, User Defined Date : 11-16-87 
2001 

1 
175 i 

d-T-7 
BIN TEMPEROTURE, 
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I 1 

FAN OPERfiTING COSTS 
Jab : D-0 SUBCON l/3 DESIGN SYS 
Bui ldin 

il 
: D-0 $U3~~N~TRU~T l/3 CConpIexZ 

Sib : URORA, IL FERMI r User Defined 
! 800 I 

I 

I 
Zone : Block 
Period ’ Occu ied 
Date : h-h 

1 1 
1 

I / 

! 
I -a5 -15 -5 5 15 25 35 45 55 65 15 85 I BIN TEMPERATURE, tF1 ! I 

IV-23 



IV-c.2. 

F-/z: F;: pi J: [.- fl, u L, -.-. (1) E .:t; F’ E: F; 1: fl E i;l1” fi [,- F:’ &-I 1: L 1 ‘l” ‘y’ 

S lj F (; [:j pJ 5 -r f$ ; J (1: -r :[ (:j !\I 1 ,.F’ 7; - I:: (3 1.. t.. I 5 I c3 i-4 A t4 n A 5 -3 1: PI B L. ‘Y t-l $2 1.. I- S 
fJ F.1 E: I:,: &:, T’ 1 i:) pJ {;:; j,,. p Ir.1 R F:: [) H pj g, 1x.J i::; E; 5; 1 pi 1.J L, (>I -r 1 [) p\l 

AL -l-E F1 I ‘i r-1 n t I n .‘r E, c (::j pq iz’ f+ F; 1 5; i::j f.J !I; \I 7; ‘y [Z 1’1 1.J \,,I pj BE: FZ; 1 

[:: E: tjJ -r jZ; J F:” Li i; {? \, [I: 1.4 Ii: L,,, L.,, E F< i:ti &r-J 1:; Cl Ei, r5J 1.’ 6; (4 1-, “‘; -!_ fZ,T 1 (“j r:.I &!-I LJ ” S 

!Lj 1: ‘1” t.+ -r 1-j E y’i rc I_ pl E’ K G ‘{ F’ E f.ll -r 1.J fz: fr7 :;; : 

,_ pi 1::: E: c (;j C) t _ J, p&J [; l&j gj T’ f.: F:i; ” [,, p, 1:: E 1Lj f.i -I_ E: FL: F:’ 1 L, 1°F;: pi I-_ ~ t.i’iDRC)bi:r C:: FREE C:C!OL I NG HECiT’ EXCHANGER ? 
bj 1 c; t.4 E F F :I I:; 1 E_ f>j (; ‘y pj (j -r (::j I-,; 1;; 9 1 j’\/ -r Ei. (.+j 1:: 6:: 1” Ef: rj B t..i 1 I___ D I PJ [3 F’FiE:SSi.!R 1: Z&i” I: CM EX%lTRiX-S f 

A 1.J -f (J p’I ;.:+ “1 1 i’: 1,. L.1, t::: [;; l&j (.:, -r EL f” F’ (J t”i r:’ [.j ‘.r i:\ (‘7; :I r.J (3 li c:j E: 1: L. :I: r,J (:,:; t-l t: A’i‘ c1 1: fi c: L-i I,,_ fi -I- 1 17 %I F’ fl t\1 s s 
id [ii. ::rj -r I;:: r:+ f.i 1-i 1.j F u pi I I:.! ; _... 1%. f ‘>,? A i_\, 1;: (‘2 _.. ~ , ._ ,,,, ‘) 1 iq 1 I.... I.- !-; G j- !f 1) 1;:: P.J .-r 1.j A L p y E i: 0 r\J i:j t-l I: Z In: t7 

-i: 1, (1-J (1:: y- (1:: E< p: 1:: ,! 1, ‘7 ES 7 

iI’ I;, 1 ;yj 1 h.,,.: c:::.F -r I 
. II.... L> r C; , fL” ~ 1 ::I i::i i; ‘.i__ !J [__ (:j :,! J: cf b{ 

f-:- E F; M 3’ I,._ ;, e ( 1: I--) i;,/ ::’ r ;.,; \ ] [ ; ‘-: 1’ (-1 i’<J E I..) (3 ;: />.,J ?I: Ei; b; 1: r,J (; F‘ t:: F< a\’ J c E: 5 
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;< y c; -[‘[I:: p, 1 pJ F’ !,J -/- s (J pq pq i’: F; ‘7’ 

j cI t::, p.j a iii c : I;: --. C;:~ 5; 1.1 F [:: ri[ ji;J j j l:, {.?I L,,, T 1 $5 ‘i’ {is F’ 3 3 +2 1 

BUI 1 d1.nq hiamt? : 1) . ..- f"j :;; (,,J p i;': fi I;%.! ii: 'T' F; (,J i:; T 1 :; :5 ( 1: (2 in rj 1, e ; ; j r3at.e : L i ‘- 162 -- 8 7 
S i t E! : fq 1.J p: (:l r:t: i::, 9 :I I.. F E:: Fi PI J. , 1.J $2 e ij 1) e+! f i, 1-i 62 cj & (::I 1. 1 ?‘&J 5 2 , (1, 

SC (1:) r:j (;j r-j f (4 rt ,Zj. J, %.; CCC 1 CZ; ” i:: C:J i3 1 :i. ri tq a rid tI e a t i. ri q '"' ,' :- __ ;L) i ,, <.? 'I-: EC 0) fi; 
$I g * * g * #. # 8 # 0 +. t# $. $ *: # L+. *, * $. g #: it: I# * g 1. *. T# ;* # ri: #I g f ii: ,+. :g :*. g :g * f $ * * f g. :+ g :+. :* #. # g !# :+I :+ $ 1 zf :+. Y.# * # I# * t# * f * 
I\ l-i . fq I F; f-4 & /iJ yj I- 1 I.$?< f% ii'S -r E. tq ;; 

'.. ,/' 1 * PER 1: PiE.l-E:P T ff Fi; pi 1: f%i {A 1.. 7” i; p Er : [:: (::I p.J 5; l’ g, l.\r T (? I:> I._, !...I /‘-.I E: 

S 1.j p ;:J ] Xv f <A r-1 t, i; r) is : F 5 C: t:: i/ii 23 I-’ d 1. i-1 I::: l .i r-1 Pi-l C3 r- ~3 i P- f Cl i I W i t h i i”i 1. P t \*.f c, r-1 CT- 5.. 
cz L.i p p 1 ‘y :I: I... f a !? t: cli t a 1. CZL; i:, ,pJ t;, 1, (-1 p t-e 5; 5% ,,, ( /- E i: . (:ji-j ._ in . .., WC:1 . 

F:e tr..t r-n f 31-r type : Control led pi.tc:h axial 
Return fan total static pressure = 1..75 in. wq. 

1) e 5 i. 9 n 5 LI p p 1. y ii i. r I= +::!()c::jC.) c fm @ 67 F‘ ; ‘dent . ai,y-= 5 0 0 (11 c f 11) 
Are cual. i r!q t-erminal 5 u5ed fc:,r heat.i.rig ? CYZ:, 
Econrxiizer t%ipr+ : I I7 tE+g t-2 t.E?d ‘I erithtilpff contrctl led 

I5 a veriti iiitiori r e ~1 1. a i nr (-J p v j. c e ~15 p d ‘7’ .::: r$J 1::. 

fire venIr:i.l.c7t:i.~~n ai,r dampers c lc7sed for unoccupied periods 7 q:YN:::- 
~aLt~~tf~W*OW~*IL91~~~*~~~~~~~~*~~~~~~~~~~~~~~~~~*~*~~~~~~**~~~~~*~*~~~~ 

E . HEAT 1: NC< FL-ANTS 
:::, 1, . F'EHIMETER n.dw-r : ELEi::-rK I CAL. F;rs:s I STANCE 

1 5'. h&T rj t"' ?J i"; j,, (1: h p ;.j t;, j I_ '1 (J 1. i 5, i.2 (A '7 .::I !';I 1::. 
$, * * *. *. $ $, y: % * # * $ & $ $ $, * :* g g $. #. g y: g :+ :+ '$1 r # $. 8 :$ $1 :g .+ :*: 4: $t '9p. * I' :*. $ g :+. 0 $ $ * ;g +T g *. ?# :jc * :+ * :+ y 1 :* * * !# I$ F# * I4 * 
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SYSTEM I tW’i.JT SlJIYM~~R’i 
J 0 b b! Et (11 e : 1.) -'.. iI1 S i.j R C: 0 hi 1.,/z. AI,*.-r 1 S':'S F'ai-jp 2 

fi Li i 1. d i n 51 N ci ii? 2 : )-I .-- !:I 5; [J E! [': (1 r\j 8 -r F: 1 J (' -r 1. j' ::: ( c ~3, ,T, ~1 1. E ;-: ) I3 c7 t. e :: 1 l.--1.6-87 

5; i t: 65 : AlJfPc71FiA I! IL. FEFCP! I , 1.l~. e I-. 1) p f ;i r-1 e ci 6, !I! 1 1 7 8 6; 2. . (13 

S 11. c:j Fj (LZ (1) f A rl a ] 'ssz i; j. '1;; ; CO i:) I! i IT Cj a r-1 d He a t i n q s 'y 5 t i? ill 5 

~~~~,~~btt:~.b4~:~:~~:~~,~X~~~~~~~~~~~~~~:~~~:~~~~.~.~~~:~~,~.~~~.~~~:~~~.~~~~.:~~~:~~:~~~~~~ 

!I. C iJ il L- J: N 5 F’ I_., P, !‘...I ‘I- 5; 

:? 1. . f-‘ER I METER F’l....APJT : (1 E: fiJ -I_ R 1. F I..! G Ci L... 14 A T E R iI D II L- E fi C t-i I L. !.. E R 
Capacity @ 85 F entIer-ing water - 75. (3 tons 
t:::W/Ton @ 85 F ent3rj.y water =:. !:I v ?8 kt*J/tOr’i 

I 5 hi/d r on j, c c cl in 1 i n ~4 !.I 5 e d ? <I’ ‘f 1::. 
15 chill& wat:@y’ f--eset. l,i’jpC:l ? X:14’:. 

Is condenser pnrformanc:e a I. t. .i tud e ad .j us t ed ‘7 .::I Y :T 
Heat sini:: type : CIper-1 coo1.I nq tower 

Minimum erit:erinq PJa'tet- teirip~,~t-atut-E! 3 3:; F 

15-a hydt-onic ec,onnmi.?er used 7 .:ZY:::. .; Economizer efficiency r 80 ii. 
Ni.i~T~her- Of' $3E?~~l..~PlTC@iZl C:l"i?; 1. l.C?Y5 = 2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
D. F’ 1.1 M F’ I IA G 2 f’ s ‘1‘ F: pj 57 

___,_,..__, _____.__,,___.. ._.II__._._.__..__._..__,_..._..I.__._.___... - ._...-- - ._.._.” -.-.... _.__._... - .-.. -...” -..-...-----..-.-.--.-----..- -.. --..-.-..--.--..--.------ 
I I / F? [<. R 1 p, EL ‘T EL 1:;; # 4 i 4 
I S .;j 5 I:. e I?:i I 1 d I 'I F : d 1::' ~ f 't l-J 4;;j j c, -r' ) F i CIF', ft WC/ : 
__.,__,_.___.,,..__.___,_.__._., __ .._.^ - ..__.. -..-. .._-. _.._.. ..-....- _.__,..., _.____, _.. ,,...._....._._......... _...-_._..,...,-....---.---..-- .- ..- -... "_ .-..-.-- - ---..--------- -1----1- 
1 (1:: L.j j, 1 ] c? <:j LA.! 9 I- p iJ I t I 1 i::) . (::;f;j 1, (yj i::j ~ (1, ::::I I 0 . (~:~(:j : (I! . i:bi:) I I 
1 l-1 (::I -t k, ;.: !;- e jj- I ,,.:) :.. .F., " 1. ..' I, .' , ("1 i-l(') i I _ . . . . . 4 (:I . !::! t:.l / , / (1) ~ ;jI:, I 

( i::' 0 ri ~~ E ! / '! ~~ E /i @J <is, t E. !. 1 c:j LI c:>i:1 I r,j {;:I " (:; f,: '! I ! / (;) . c.: !.i (1) . (:I!:, I 

; i" /.- c;) 1-1 r‘: i-J L&, ;{A( .t E' j "' I 1-1 , j "'j I . . . . " ._. L_. f:::' - " " i,! i..! t / I::! .' .' ~ c. ! C-! I I 1 I::) . c:t !:j / 
* g * 8 # 4; :* ;I; * #: :+ '$. $: * * q ;$. ";. 14; # g 4, ,$ $ $ :+. $. $ $ :+. :g 4. $ $ $: ‘$ ;$, $ :* y :g., $. ii: x :+ :*, :+ :#! # * #. $, $ :* $ I# $. * p g :+ g :+ * # * * * * * * # 

E * tij ij t\l - t-i iirl g, r; c+, 'xt L+, ‘f' [Ii pj yLL; 

:::. 1. . p.J 1.1) !..J -.. 1.1 c.:' ;:; !-: E l.,, Eil j-1: ..r Fi 1' 1;:; (2, j_, E: rTJ 1:. III,, (2 ".,i ,_,, , ~ ; 1.J ': ij 1::: 

I... i. q h t i. !-'I :‘: 1:: L-J :: 1.. <I: 1::: (..( , ':I .j. 'I' !? "'I ":: 7 y;' "I "7 .'.I' 
': " .,:_ I:: i.+J ; ;.J r'i (1 j C' f, c.( rj i (A? !d Z i ..I, . 1:: I-:: L-J 

].i/ .; C" C.1 n I .: LV 
_.. 

, . . . ..3 E 1.j ; 1: (1:. , 1 i j ;j, <i.J [ ,I I {.:(.l ,, r:! 1.:. ?'J ; 1.J !-.'I 0 C i::' c..i. p j, Em ::I z 2i:1 . ii1 1:: p, 
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COOLING Cl 
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COOLING COIL LOBDS 
Job : D-8 SUBCON 10 FY1975 SYS 
Bui ldin 

i( 
: R-0 ~~%~~N~~R~~~ 113 UhipM 

Sit2 : URORB, IL FERMl J km’ Defined 

Z#ne : Eluck 
Period : All 
Date : 11-25-87 

lC00; 
4 I 

1400’ 

Ii1 
0 
If 
0 
J 
Y !‘I 
B 
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01 I I I 
-25 -15 ’ 4 i $ 

I 
:I$ i2 

BIN TEMPERkTURE, CEZ 
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COOLING PLANT INPUT POWER 
Job : D-0 SUBCON it’3 FY1975 SYS 
Bui ldin 

il 
: D-0 ~U%~9N~~RUC~ l/3 IhplexZ 

Site : UR9Rfit IL FERMI r User Defined 
1201 

7 

Zone : Block 
Period : All 
Date : 11-25-87 

105 / 

’ . . -25 -15 -5 5 15 25 35 55 7s #5 
BIN TEMPERATURE, (F) 
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I COOL1 NG PLANT OPERAT I NG COSTS 
Job : D-0 SUBCON l/3 FW5 Sys Z#llQ : BlQCk 
Btri ldin 

ii 
: D-0 ~~B~~~~~T~~~T L4 iCoMpl#x~ Period : Ail 

Site : IIRORA, IL FERMI, lker Defined lhte T 11-25-87 
1 

Cl 
0 
s 
T 
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E 
I 
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.050t I 

9009 
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‘-lj -5 5 15 25 
BIN TEMPERATURE, fF> 
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PRIMARY HEATING PMNT LOI#DS 
Job : D-0 WCUN 113 FY1975 SYS Ztme : Block 
hi idill 

if 
: D-0 ~~~~~N~T~~~T i/3 Kmylcx~ Period : All 

Site : URURA, IL FERMI c Usw IMined Date : 11-25-81 
8008 I 

-15 5 15 25 35 45 55 65 85 95 
BIN TEMPERATURE, CR 

i 

I 
i I 

! 
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PRIMBRY HEATING PLANT INPUT POtlER 
Job : D-0 WON 113 FYl975 SYS Zone : Hock 
hi ldin 

i 
: D-0 ~~~~~N~TR~~T l/3 IConplw1 Period : 811 

Site : URORA j IL FERMI j ker Defined Date : 11-25-87 
IUW i 

P 300- 
0 i 
il 2502 4 - 

-25 -15 -5 5 15 25 35 45 55 65 75 85 95 
BIN TEMPERATURE, U’1 
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PR I MBRY HEfiT I NC PLANT OPERAT I Nt; COSTS 
Job : D-0 SUBCUN l/3 FY1975 SYS Zone : Block 
Buildin 

1 
: D-0 ~U~~~N~TRU~T l/3 CCowylw> Period : cl11 

Site : Date : 11-25-87 
1200 

URORA, IL FERMI I Uwr Befintrd 

Cl050 
0 
s 
T 

9001 
I 

I 

c 750 j I 

450; 

300 / 

-25 -15 -5 5 15 25 35 45 55 65 75 85 95 
BIN TEMPERATURE, CF1 
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I / 
/ FRN OPERClT 1 NC COSTS ! I 

Job : D-0 SUBCON li3 FY1975 fYS ZMIQ : Block i I Buildin 
il 

: D-0 ~UE~~N~TRU~T 113 Ko~plex1 Period : ill1 i I 
I 
i 

Site : URORR, IL FERMI r User Defined Date : 11-25-87 / 1 
4000 1 I 1 I 

i 
r 25002 j 1 i I 

BIN T~MP~R~TUR~~ (F) 
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FEF:M I LAJ3 U--r:) EXF’ER IPIENTAL FACILITY 

StJFCt3NSTRtJCT I UN 2i3 -. PICH y F’L.ATF#F:M 8: SJ CEEAY AREAS WITH DCHLrJ SYSTEMS 
BUILD I NI; SECTOR F’HYS I CAL. F’AF:APlETE:RS ANi? DESCR I Pl- I UN 

::I. OCTi3BER y 1.987 
ANAL.YSl- : S . F . t:::F:STtJL.[JV I CH 

FERN I LAE: CE3NE;“r’F~tJC-r’ I UN ENS I NEER I NG SERV I CES 
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CCIMF’LEX EI.J:C LD I NG !: N F’ LJ “I- S 1.1 M M A R Y 

E’:!.\i ldi.nq Name : D--c:! SLJECtW3TF:LICT Z/3 1>ate : 11-16-67 
S i. te : ALJROHA , IL F ERM I , LJ s e r !3 e f i. r-i e d 6 0 1 17 8 6 2 . C! 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1. F:OClM COND I ‘I- I Cnt’dS ANT! i=LC3fiR RAEAS 
Tt)errnost.at settjnqs : Conlinq = 76 F; Heating - 68 F; Setback = (11 F 

Warm-up f ac:tc?t- = (3 %; Roam desi. qr? r~1.at.i~~ humid.itY = 5(3 i: 
Floor Areas: F’et-imeter-’ z 1.6 * SOC! Sq f t. j Int.erl.or =r 1 , 3oc1 sq f t, 
Cooling pravideci duri,ng unoccupied period . 

___________________________________I____---------------------~---------- 

2. WALLS :, ROOF 3 GLASS? SKYLIGHTS: 
Area U-Fat tor Glass Area Glass U-Fat tor 

Exposure (Sqft) ETU/(hr-sqft-F) (Sqft) BTlJ/ (hr-sqft-F) 
__I_______________________________I_____---------------------------- --I.- 

North Wall 5 ? .:(:lt:l 0 . 1. 5Q c:> 1 . 130 

Northeast Wall 0 0 . 1. so 0 1 . 130 

East Wall 6 (:I t:> 0 . 1 so (1 1 . 130 
Southeast Wall (:I (:I . 1 50 (1) 1 . j.3(:) 
South Wall 0 0 . 1 50 0 1.130 
Sout.hwec,t Wal 1 0 0 . 1. 50 0 1 . 130 
west. Wall 6 r:, 0 (:! . 1 50 (1) 1 . 1JO 
Nor t hwes t. Wa 1. I (:! 0 15(:r . (:, 1 , 150 

F’eri.meter Roof 4. ? 4.(:!;3 c:, . 1. 30 (:j (:I . 5 :,(:I 

In tet-iot- Roof i-; (11 . 1. :J;(:! (.I 0 . 5 SC! 
______________-__________.__.__.___-.-----” _.........................__ -.- __-- - ---- --- ----.- _---.----.-------------- 

WALLS: Ccsl.or-’ = Ijari::; Wt. =‘: Medium; F:OOF:” : C o 1. o r = Me d i c( m ; W t . = Me d i C.I m 
EiIJILDIl’~1G WT . = Medium ; VEF:T I CAL. GLASS : Si.ngle Glazed 
Shad e F a~: t 0 t-E; : C; 11 a 5 5 = ,I. n OiZ!i:‘; ; $; 1:: y 1. .j q I-) t. <:; = !I! . (:I (:?(:I 

Ir-ttet-vial. shades are not ~.\:l;ed. ; A c: e i. I i ri i;l 13 1 en I( m i ‘3 n o t C.I 5 ed II 
I_._____.___________~~~..,~~~~~,,.~__.__,,______~____ -“_-_..--.-..-.------.I- .----. - -.-- ---.---...--“--.-.---------- 
5 ..:I . I.. I GHTS : 

F’e t- i. IJ-I~ t e r : Zi; m (:I(:; 1:) \Ij 2, t t:. s ,i s q f t LI‘ 4.9 ~ 5(.,c:i w;<t”i:: -l”ota 3. 

1 r-1 t. e r i 0 r : 3 . (1:) (I] (1) 1AJ <% t t Cj ,?/ 5 (:I f t TI 3 ~ c? i3 C! W a t t 5. T n t 3 I 
D i v F:X r 5 j. t y F a c 1: 0 p-‘ 5::. : 0 c:: c: 1 I p i e <:I -:: 1. (2 i::* % ; LJnoccupi,ed =1 9::) “/;, 

F’ e t- i. m 62 t e r- I... i p ki ,t 5 : Bal. last 7 r e c e s s c? cl 
I i-7 t e r i. i1 v Light5 : E{all.ast ? p :.: p c:.ls p C’I 

_I___,,___,.__,,__,________~_..___,I,C_._____,___l_________.____ _ ._,____.__..._..___.__.___ - ---..-- - ---.-----...----I -.” ---- . ..“------.--.-I 
1.. . 1 ~~ISCEL-.L..A~~JE:CIUS lx~:C:;Tl?I ux.. L..OAuS: 

F’ e r i m e t P r : ~i:Cl.~p.i,E?C.i = 12.727 14 a t t 5 / s C! f t -: 2: .I. i-1 . . y t-1 i-l!::1 _. 14 a t. t 5 T 0 t a 1. 
I.Jn DC: c c.i 12 i. ed -:: 4.24.2 Watts/Sqft. - 7 (7 t-1 (7 !“! _ , _. lq i+ t 1:. s T cj t: ii. ] 

In t.eri c3r : 0 c c L.I p i. e cl E’” y/:3 et.: . 1. 5 4. wa. t, ts / sq f t. =: 4 5 i! , i::) 0 0 14 a t. t s To t. a 1 
LJncrccuI~ied ‘- y/.1pJ”;yfjy5 lAjat,‘+;,,‘gqf*. ::. 1 5 \:I )) (::j 0 0 WA t t s To t a 1 

--_-__.- _1______1_1____1___1_--------.----------.----.---------- -I- 

ei .- . PEOFLE LOADS 
Total Occupancy - S93 sqft/perzon =: 30 people total 
Activity Level: 2. Office or ret.ai.1 
Sensib1.e = 245.0 EiTLl/hr/person; Latent. = 205.0 BTU/ hr/person 
Diversity Factor.s : Occupied = 70 x ; Unoccupied = 20 % 

__--_l_____-_-_l__-_-------- _____________ --__----------...~---- _------_-.---s-v 

6. M I SCEL..LANEOlJS INTERNAL LOADS : 
Sertsi.ble : Occupied = 0 BTU/hr; Unoccupied = (1 E; T’ IJ / t-, r 

L.aten t : Occupied = 0 BTU/ hr j Unoccupied = 0 ET\.Jihr- 
--.-..........-_-h-w -.--..- -.-. -_._-.--.--..--_..-“.---.“..- ----” II._ _” ~~__~~~__._~~~~ -...__---__- -- --..--. --. --..--_ 

7. l~!ALLS AD,JAC:ENT -I-[:! NC3N~.~-CCJNfi I T I ONED F:EG I ON!? : 
Wal 1 AreaL? E F’pi;.. j,met,pt- zz y.7 ~ 9r:;(:! sq f: t: ; I r-1 II, e t-’ i. 0 r = <:i sq f t 
liJ ;i 1 1 (.J--I:'<+ il t cj t- 1.. ~1) . ,5 2 (1) B'TLJ ,i ( !? rw ..-.. C,Q f t-.- Fy ) 
Ad.3 ac~nt.. t-E?CJj Or'; hE?i3tli r'i~;l t.P~T~FK'l"'i~t:l.IY-'C? = &y..<:i F 
Ad .j a i. e r-1 t i;- E: g i. 0 ) “I i: 0 0 I i ri cj t e m p e t- a .I-. I...! r” e = &(:I F- 

___._,,______,__..___ _ ._,____._ _ .__,,,__,_.. _ _.____.___.I_.._..._.,___._,._.__, _ _..._,” ..___-..__-._ --..---.- -----I. - ..----..-.-- -- ---.- -.-- --~..--..-------.-- 

$3 I I N F I L 'T R A T- I 0 N li G T A : 
AJ t- Flow F'ates: 0 c c \A p i. e d = 5 I::! C f iii ; CJ rj C::I =’ c: i..! p j c cl =. 0 c f m 
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Job : D-0 SUBCON 2/3 IMGN SYS 
Bui ldin 

it 
: D-8 SUBCONSTRIKT 213 (cQi&X~ 

Site : URORA, IL FERMI f User Defined 
4000) 

1 
3500{ 

A2500j Ts 

M1500j m 

500!--- 
i 

0-i 1 
-25 ‘-li -5 

COOLING COIL LOIIDS 
ZQW : Block 
Period : 811 
Dat# : ll-16-81 

5 15 25 35 45 55 65 75 85 
BIN TEMPERWI’IIRE, U? 
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COOLlNG PLANT INPUT POWER 
JQ~ : D-0 SUBCON 2,3 DESIGN SYS 
Bui ldin 

ii 
: D-0 ~UB~~N~~RU~~ 2/3 fCQMpl#X: 

fitc : URORB, IL FERMI I User Mined 
400 ; 

ZQW : Black 
Period : 811 
Dab : 11-16-87 

I 

I BIN TEMPERATURE, 
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COOL1 NG PLANT OPERhT ING COSTS 
JQII : D-0 SUBCON 2/3 DESIGN SYS ZQIW : hck 
Bui ldin 
Site : if 

: D-0 SUBCONSTRUCT 2/3 (CQtlplleX~ Period : hi! 
URORA, IL FERMI, User lkfined Date : 11-16-87 

4000 i 
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$30001 j 
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I T 500]- 
IN i 
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PRIMIRY HEATING PLBNT LOADS 
JQ~ : D-0 SUBCON 2!3 DESIGN SYS 
Bui ldin 

ZQRQ : Block 

Site : 1 
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FIN OPERBT I NG COSTS 1 
JQ?I : D-0 SUBCON 2t’3 DESIGN Sys ZQM! : Block 
Bui ldin : D-0 SUBCONSTRUCT 2/3 tCQlQi#ld Pcriad : All 
Site : if Date : 11-16-87 

12007 
URORA, IL FERMI r User Defined 

c i 
01050 J 
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T 9009 _ -- 
s i 
r 750+--- 

; 600j-- 
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R i 
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1 150'k 

-25 -j 35 45 55 75 #$ 
BIN TEMPERhTURE, (F) ! I 
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Zone : Block 
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COOLING COIL LMDS 
Joh : D-0 SUBCON 2i’3 FY1915 SYS 
Bui ldin 

i( 
: D-0 ~~B~~N$~RU~~ 2/3 hplcx1 

Site : URORA, IL FERMI r User Defined 
4000: 

Zm : Black 
Period : All 
kite : ll-16-81 
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COOLING PLANT INPUT POW! 
Job : D-0 SUBCON 2/3 FY1975 SYf Zone : Block 
Bui ldin 

i 
: D-0 SUBCONSTRUCT 2,‘3 KmyicxS Period : 1111 

Site : URORA E IL FERMI i User Dcf i ned Date : 11-15-87 

i 

P 3001 

-15 -25 -5 35 45 75 
BIN TEMPERATURE, CF> 

1 -I 
j 
* 
! I =/ I I I * / / 
5 
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COOLING PLClNT OPERBTING COSTS 
Job : D-0 SUBCON 21’3 FY1375 SYS Zone : Block 
Bui ldin 

i 
: R-0 ~UB~~N~~RU~~ 2/3 ICOM~ICX~ Period : Ail 

Site : URORCI, IL FERMI r Ikey: Refined IMe : 11-16-87 
4000 j 

r 

. . -25 -15 -5 5 15 35 45 55 75 95 
BIN TEMPERATURE, (F) 
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i 

/ PRIMRRY HEEcTlNG PLhNT LOlDS 3 / Job : D-0 SUBCON 213 FY1975 SYS Zone : Block I 1 Bui ldin : D-0 ~UB~~N~~RU~T 21’3 CCo~plcxI Period : fill 

I 0,80) 
Site : if URORR, IL FERMI, User Defined Date : 11-16-87 

I I 

/ 0,001 I I I 
i 

-25 -15 ’ -5 
I I 

5 
I I I 

2$ 
I I I I I I I I I I I I I 

1 15 35 45 55 65 75 85 95 
1 BIN TEMPERATURE, (FI 
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FAN OPERATING COSTS 
Job : D-0 SUBCON 2/3 FY1975 fYS 
Buildin 

i 
: D-0 ~UB~~N~~RUC~ 2,3 KmplexS 

Site : URORR, IL FERMI I User Defined 
12002 

Zone : Black 
Period : 1111 
Rake : u-16-81 

;i 300’ 
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VI-a. 

FERHI LAB I!--0 EXF’EKI tlE:NTfX. FACPL I TY 

“IJBC’:Ol;lSTFIUC7’ I C:IN 31’2: --’ LCl4 COOL.. I: t-413 SYS-I-EPlS 
F3lJ I: LD I NG SEC:.‘-I-CIK F’t-I‘i’S 1: CfGi... F’AKAMETERE At-j0 DESCF: I F’T ION 

31 o[:-ro~~:;~: g 1,787 

i; bJ fi I,,.. ‘f $j,i 7 : $i ” f-’ ~ t::y:S-f-LjL,-y.j 1 f-J./ 

FERMI ?-GE Ci3N!;‘!~RlJCT I ON EN13 I NEEFI I NG SEW ICES 
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COtwLEX EU I L.-I? ING I NF’i.!T SUMMARY 
Ec.~i 1 dir-14 Name :: Q ---iI) S~JECOr~~STRIJCT r.; :'3 Da t.e : II-16-67 

Sittl- : r%.JF:C3F:A , IL FERMI , User- i2efined 60 1 17862 , (:P 
t~~Y~.b:~~~lt~~:~tLRX~:~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~**~*~ 

1. FiOOM CONP I T IONS AND FLOOR AF:EAS 
Thermostat. set.t~.ngs : C~oolirtq = 4’2 F; Heat.ing = 41 F; s E t. b a c I.: = i3 F 

~~Ztt-~l~--l.lF~ fG+f:tO~- := (1) :< ; Room desiqri relative humidi.t.y = 50 1 

Flmot- Area=. F’et-imetet- =: = 2. 1. Sqft.; I n t. e t- i G r 0 Sqft 
Cool inq provided during unoccupied period. 

--------------------------~~----------------------------~-----~~~~~~~~~- 

2. WALLS, RUOF, GLASS I SKYL. IGHTS : 
fired U-Far tor Glass Area Glass U-Fat tor 

Ex po5ure (Sqftl BTU/fhr-sqft-F) (Sqft) ETU/(hr-sqft-F) 
-_---1-----___1___-_______l___l_________-------------------------------- 

North Wall 0 (:I . 1 sr:, (:, 1.130 
Northeast Wall (:I 0. 15c:l C) 1.130 
East Wall i:, 0 . 1 51:) 0 1.130 
Southeast Wall (1) 0 . 1 50 (1) 1 . 13<:1 

South Wall 13 0 . 1 SC1 C) 1.130 
SOLI thwes t Wa 1 1 (3 !:I c 1. SC:? 0 1 . 13(:) 

bJe~. t Wa 1 1 !:j !:) . 1 St:! (1) 1 , 130 

Nor thweL=rt Wa 1 1 !:I i.11 I 1. :!!:I (:I 1 . 130 
Perimeter- Roij-F (:I (:I . 1 3r:, (1) 0. 55<:1 
In t.eri.or Roof Q (:I . 1 :irt.) (1) (:I . 55t:1 

WALL.!? : CO 1 cl r = Da t- I-:: ; 14 t. . = Me d i. u in ; ROOF : Ccjlor = Medi,um; 1J t. . - Medium 
PUILrjING WT. = Medium; VERTICAL GI.-f’4SS : Sinq:le Glazed 
Shade Factors : [S 1 a 5 5. = 1 ” (:I <:I !:t ; s I:: y 1 i q h t. g; = t:! . (1) ica i:! 

Internal shades are not used. ; (4 c:: e i 1. ,i rig p 1 en ufli i s il at LI sed . 
---------_-- ----. ---“--- .._-..._...- _ -...-_ --_---.-.-.---.- ___,__. -_-._.- _.-__ -__-_-----_--- _..-_.__--- ---_ 
7 4 I LIGHTS: 

F’ e r i. me t;. e r : (1, . I:! (11 ,:I 1iJ ,3 t. t, 5 .!’ ‘:j q f 1:: -: 0 bJat.ts Tcjtal 
Interior : i:l - i::l <'I?~1 1AJa t kc; ,/SC] ,f: ,t: =E 0 Watts Tc7tal 
I:)j.\~et-sj.t.y F’ac::t~y-s. : [j~:c:~rj:,~.ed =:: r:, % ; 1.J I .I ‘;) c c L\ p i e d = (1) 7: 
F’ e r i. iT1 e t e t- 1 _ i q I-I I:. 5 : Ha l 1 a 5 t ,! e ;.; p (-J rj c{+ (j 

I 1-1 t, e r i. ix t-. I-. i q t-1 t. 5 : E&l l<<i>t: ‘I r e ,:; .pJ c;, CL; $J> c. 1 
--.-.__- .__-._.-.--..-....-... --.-..---..-..--- .--..- - ..--_..._ -- --.-...-..-._-. -___ ___.________ ___ __I.,._._ _ _I_______..I.._.___” -.__________ 

4. M 1 SC::ELL..i)tilEC:lI..)S E::LE:C:TF: 1 C&L.. L[:]&ij<; :: 
F”’ e t-- j fi, k? f-. e or : CJCItLipied -' :,k & (1) (1) (1) (3 i"i i"i 0 (:j . . ._. m ._I _ Wat,t.s.~Sqft. = &, r:i ;:, , i:) (:I !:I W a t t 5 T Q .t <, 

Interi.at- : Occupi.ed - (2 . !:I c:) (::I bJ a t t 5 / S q f t = 0 Watts Total 
Unoccupied = 0.000 Watts/Sqft = 0 Watt5 Total 

-------------___(-----I---~--~~------------------------------------------I 

5 . F’EOPLE LClkDS 
Tcit.al Occupancy = 0 sq f t / pe rsori = 0 people total 
Activity Level. : 6. U5er def i.ned activity level 
Sensible = !I> . (3 ET U / h t- / p e r’ 5 on ; Latent = 0. C! BTU/ hr/person 
Diversity Factors : Occupied = t:! 7: ; Unoccupied = 0 % 

_-------------_--_-------.-.-----.---------_____1__________1_11------------------- 

6. M I SCELLciNEClUS INTERNAL LOADS : 
Sen5i ble : Oc:r::I{pj.ed =f 9 I3 T U / h I- ; Uncircupied = C) l3TU /’ h t- 
La ten t : Oc:cc.cpi.E!d = (:I ETlJ/ hf-. ; Unrxccupied = (_I ETl!/hr 

_._..___ -_- __.-_-__.. -_. _.._._,_..._.-. ---.-_-..- ..- - - _-.-.. - .._.__. “--__ -.-.._-_.--_-.- - ._.--- - .---- - -_.. ---_- --.-.---- -.- .-.. -- -..-- --------- 

7. 14ALL.S ADJAC:ENT TCI NC1N--i^:l:1Nf! I: T I ONECf KEG I ONS : 
Wa 1 1 /Jg r-e .y 5:. g p 67 y’ j ITi c+ t, E’ I;’ Z [::I Sqft; Ir,t,eyj,or 2: (1) sq f t. 
lzJ<s 1 ] i!j-.-f"at; to i_ z Q.(:!<:)!:) E"rlJ/(hy--r;qft--Fj 

Adiacent. reqic!n i 5 n o t. h e ;\ t e d 
iLid.j acen t i'kS::J ion j. ys ,-, 0 t c: 0 <:j 1. e d 

---.-..-- -_.__...__.-.._ _ _..__,__._._____.,..,_ - __... --- _.....- “.. -.. -- -..- -_._--. --,_” -.-- -_--_._- _........_- - .--. - ---.. - - -.._--... - _--. _ --..-.- ------.--- 

8. 1 T\lF’ I L-TF;fi‘I” I0p.j p{GT’gq : 
A j f. 1:” ] ix&hJ F:( a t. p c 6: Cl c: c 1.1 p i F? d = VI-2 9 f f rfl g Unoccupied =:: (1) cfm 
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LCIAD F’Wi:’ I L.E SLJMMGR’~ 
Building rkirr:e : D-i.) SIJECONSTRLJCT 3/3 ( c;omp 1 ex ) Date : il.-16-87 
Si.te Name : AUAORCSI Il... FERMI, User- Def i.ned t?i:)l. 17662 . CJ 

t*~*ftbtbt~~*~t~ttt%~~~~~~~*~~*~*~~~*~~~~~~~~~~~~~~*~~~~~~~~~~~~~~~~~~~~ 

TkE:tE 1. C)Ci:LJF’IED F’EEInfi (L.nad doe.5 not include vent. load, fan heat) 
__.--.-_------.------ ___-- --.--------- _--- _ .-._- -_---------_----- ------ ---_------- 

Ei i. n EC i. n .:::_-.__.-- .-_- F’erimpt.gz- Zone-- ----_I > .:::-.------.--Interio~]- zone-----:::. 

Temp Hocc t-c, Sensible 1-a ten t PlenLlm Zone Sensible Latent F’l enum Zone 

(I=) (hr/yr) ( tons i (tons) ( ton51 (F) ( tons 1 (tons) (tons) (I=) 
___----___--------__~------~---------~~~~~------~-----------~-~-----~~~~~ 

93 0 , i:> 

90 25.8 
8 5 59.4 
8CJ 145 b . 3 
7 5 237.7 
7 CJ 2 7 i:, . &j 

6 5 264.5 
& i:i 2 5 5 , i:, 
55 244.7 
5 (1) 23:z , 1, 

4 F:; .->.->q CI, 
*- L . . *_. 

4 i::! 237. b 

“7 c 
._.I >..I 2 3 E\ . ‘5 . 

:3 i:i 3 1 E; .a... -,:a 

2 5 174.5 

2 i::! 1 ‘?_‘7 ..L. 4 

1 5 7E3.1 

10 46.1 
5 t-b L c 3 . _ 1 

i:, 12.7 

- 5 6.2 

-6 4.6 
__._.,__ -._-.----.-.-.--- 

iI1 . i:ti:j 
(., . !:I(:) 
0 . 00 
0 . i:ti:i 
0 ” i:ti:, 
(11 . or:, 
i:; . c>i:1 

i:j . r;!i:l 

i::t . i:ji:t 

i:i " i)i-! 
i-i - : 
__. . ijij 

i:, " i;!i:r 

i:J . i~J!Ii 

i:, " i:,i:, 

(1) . i:,i:j 

i:, " i::i!:! 

i:, . i:!i:! 

c;> " !I! I::) 

!I, " i:!i:! 

c:> " i:! <:I 

(11 " f:!<:) 

i-1 '- - .,__ . !ji..! 

(11 . oi:i 
(1) . ix) 
0 . i:li:l 
r:; . ix) 

0 . t:J(:J 

i:> . i:ti:> 

i:b . Qi:! 

(1) " i:,r:r 

0 . i:li:l 

iI1 , i:,i:, 

(::I . iI)i:! 

iI1 . i;:a i:, 

c;> . o!:! 

I-k ij (5 1". . ." 

1:) - - , i-j i-:1 

l"i " .__ " i-,!:) 

i:, " (:I!:, 

1:") _ . i:)i:! 

!:J . i:,c:> 

i:, . i:1il:, 

!:! ,j i:! i:, 

(:I . (It;! 

92 
92 

92 
92 
92 
9.2 

92 
92 
92 
9.7 

yLJ .d 
q? , .i 
92 

92 
92 

9 2 
9 2 

92 
q .-::, . . .#.., 
$2 
92 
q .y> >L 

0 . 00 0 . i:)i:) 
0 . (:J(:J CJ . 00 

t:; . (:It:! i:t . oi:, 

0 . CJCJ (5 . Oi:) 

i) . (:,!:I (1, . (:;(:I 

iI1 . i:,i:, r:; . (:)(:I 

(:J . f]t:I (1, , i:;i:; 

(3 . cJi:J 0 " i:J(:J 

i:> . i:)i:l i:; . i:J!:) 

i:J . r:!!:! i:> . i:>i:, 

i:I . !:I!:; i:, . i:t !:i 

i;> " !‘:! i:, i:j " i:!i:l 

i:> " i:;t:, c., . i:,i:, 

i:, " !I; i:> iI; . iI)i:) 

iI) . i:,i:i i:! . i:>i:; 

i:1 " !:!(:I i:1 . i:,i:t 

i:) . i:> c:, i:, " i:>i:j 

i:, . i:;i., i:; . i:> i:; 

i:i . i:,i:, i::a . iI1 i:! 

i:1 . i:lQ i:, . i:,i:, 

1:) , i:!!:, i:; . i:ji:, 

i:> " c:,i:, i:! . ix, 

(:I . 00 -- 

(5. ix) -- 

CJ . 0 0 - - 

i:, . t:, i:1 -- - 

iI1 " i:u:, -- 

t:, . c:>o -- 

t:; , 00 -- 

i:; . i:! c:> - - 

r;J . 0 i:; - - 

i:! . i:>i:1 -- 

i:> . i:,i:t -- 

i:i . !.I i> - - 

(:j " i:>i:, -- 

i:, . i:, i:, - - 

i:> . (1) i:t - - 

i:, " i:, i:! - - 

i:! . 0 i:> - - 

(1) , (1; i:! - - 

(11 . (:)<I -- 

c:> . i:ii:1 -- 

t:i . i:>i:: -- 

i:! . i:N:P -- 

__. -- ____._.__.-__._... -- -_..-_ - -..-- -.- _...--.- _---.--- -..-. - ---. - .-_. -_---.- .---- ----- ---.------ . . ---.---- 

TABLE 2. UNOCCIJF’IEU F’EFIIiJr! (L.cj3.d dnes not include vent. l.oad, fzn heat) 
____,.__I._ -_.__- _.-.__-..__.-.......-.. -- ._____I...__.__._._.. - __._ - --.-_.-.._. _ .-__-_,,__.,__ __,__..__ - __-- -------.-.-.- .-... -----------I- --- 

9i3 

;7 i:, 

5 5 

45 
40 
TE c* %..I 
3 i:! 
2 5 
3(-) L.. 
IS 
10 

5 
in) 

-  5 

- t :  

- - I5  

. . -  - -  -_ 

14.6 
36.2 
$9 " 7; 

2 1. 5 . 2 
Y$:,-y. &J 
4.h3.3 
5i:)i:) . 4 
4.82 , (1; 

4.47.5 
422.7 
413 .? 
4 17 . CJ 

417.4 
395.2 
33I5.9 
3=)3 fi a.-*..-. 
165.7 

96.3 
s!:! . 9 
c-t c Lcl " 3 

2 1. . 1. 
i:, . i:! 

_I _... -.---_- 

5S.Y8 
sei . 88 
fj&” fji3 

56 . 8Ei 
5 t 8 i3 
5; : 88 
:,&.a8 
se;. 88 
56.68 
S.!i.f38 
56.88 
56.88 
56”bE; 
56.88 
56. El8 
Sh.E?d 
Sh.c38 
56 . 83 
Sri . 8 8 
56 . 88 
Sb . i3a 

!::J . (:>!:I 

--- ..- - ..-._ _ 

iI1 . !::!;:I 

i:i " i:! f:‘! 

iJ " i:; r:; 

i:> " i:, i::1 

i:, " ?:!i:! 

1:) . i:ji:) 

i:, . i:>i:> 

iI1 . i:I!:J 

i:; . i:1 iI1 

C! . iI>!:) 

i:, . Or:! 

iI1 . !:JiL) 

0 . i:m 

i:, , i>t:, 

i:1 . i:;i:> 

0 , or:, 

(3 . or:, 

i:! 1-i :-I . ._. ._. 

i:! " i:,i:, 

1-i VI ('j ._. . ._. 

i::1 " (::I (;:I 

i:, . (:!(I! 

.-- __...- 

i:! . i., i:, 9 2 
i::* ” i:ii:> C) *I I .i. 
i:, , i:,t:; 92 

(1, " i::+i:, c;;' 2 

i:! " i:>i:, 92 

i:, " (Jr:! 92 
!:J . i:10 92 
i:; . Or:; 92 
i:! . i:>i:, 92 
i:? , i:m 92 
0 . (:I(:) 92 
i:> . i::ti:> 92 
i:1 . i:>i:t $2 

i:j . i:ji:j 92 
i:! . i:,i:> $2 
0 . i:,i:! 92 
i:, . i:,i:j 9,2 
i::n . i::g t:, 92 

i:, ” i:!i:, 9.2 
(:::I ” [;:I (Z) q-2 
i:, ” i:!i:, c)7 2 
i> . i:i i:, 91 
------ --.-- --- 

VI-4 

i:! . i:>i:i 

(1) , (-:I iFi ._. 

<:, , i:!r:! 

i:! " i:,i:, 

i:, , (:!!:I 

i:b . i)f:J 

i:> . i:>il 

(:I . i:m 

i:> . i:,i:j 

(1) , i:,o 

i:, . r:,i:j 

i:> . i:)i:, 

(11 , (:m 

0 , ix) 

i:; . t:>(:'1 

0 . 00 

(11 " (:I(:) 

i:i . i:>i:! 

iI; " i:! (:':I 

i:, . i:!!:, 

i:j " 0 i> 

i:i " i:,i:r 

-_- _.-.___-..,.. 

i:, . i:ji:i 
i:r . i:,::) 
i:, . r::it:; 

i:> . i:ti:i 

i:i . (:)(:I 

(1) " i:!i::g 

i:, . i:>i:r 

1:) . i:t i:> 

iI1 . i:H:b 

0 " i)i:! 

t:, . i:Ji:J 

0 . 60 

i:, . i:)i) 

iI1 . (:I(:! 

i:, . i:bi:, 

i:j . i:)!:, 

(:I . i:li:) 

i:t " i:1i::a 

i:i . i:,i:, 

(Y, c-11-1 . ._I ._. 

i:t " .: .:. 1 :I, i 

(1) , (‘)(‘i _ -. 
_._I_...__ -.--_ 

i:, ” i:!i:) -- 
i:, ” (:!!:I --. 
i:! ” i)i:t -- 
!:! ” i:)i:) -- 
i:) . (1) i:t -. - 
i:t . i)O -- 
C! . i:,i:t -- 
i:) . i:r 0 - -’ 
(:I. 00 -- 
Q . (:I r:; - - 

iI1 . (3 i:j -- - 

(1; . O(3 -- 

i:) . oi:1 -.- 

i:t . (:JcJ -- 

c:; . (1; i:1 - - 

t:; . (1) C! - - 

(11 . (1) (11 -- - 

i:, " i:> iJ - -' 

(1; , <:!!:I -- 

(1:1 , (::hiz) -- 

!:::a " (:)i:) --- 

(L) " (;)r:j -- 

- __..______ --.- 
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1,: Eli: F;; f”l :i I- & H 1, -._ !,I> 5: >; F’ k< R 1 /?I [L[ p.J “I” [$ I_ F’ & (1: 1 I_,, 1 ‘1” ii 

F, [j H (-1 (-:j 1.j $’ -r F:; !,,j (1; -j- 1 [;I p.,i ;i; ,f’ 15 -. i... c:, bj c:: g (:;I L.. 1 tq & E y 5; -I- E pq 5:; 

c- ‘. .’ i-“ ‘r f.T: pi .T 7 ;3 %., 
C [I j’;; Fi. (4 fl; 1 $; c_i I,, 12 fZ; j:;; p (:j [Y;j tj A N (:I E:. 2, 1 l;i: 1.J I_ <A T' 3: C) t5.J (5 

1;; 1. (--:I (1::. ‘1’ [.j E 11: I” ,i 1, y> g ;7 

{:: I-.] & I_,_ ‘f $ -r ; 5:; ,~ I-‘ . 1::: ['i $:;'7" (,J 1,-i:'jt/ 1 [:;c-( 

F-’ Et:: F:: !+, :[ 1,. {::; E< [I: [:j 1\j $1) “I” F,: (.,,I (1: “i’ 1 [j p<,l E’ I..! (1-J :[ NE:: E & 1 F\I !l{.i 5 E: !” !.,J ‘j: r:z E.1 $; 
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‘7 r 1’:: 1;; p 1-y ‘[ / (_, ?.., !> !y ( [.‘ . . ._.’ p; ;< pa ;f;L F7; j t-j !I;;: p%,; .r A i ,.,_ jZ A [: 1 L,, 1 T %f 

5; 1, ; E< I:; (1:; ! ‘,/ c::; j I::;; I,.{[:, ‘y- ‘/ c’i >,j ;,:; ,: 7; _.. t,,, i’:: ;+j c (I! [I> L,, 1 r\j G 5; y 2 1’ ET tq c; 

c’i F-’ ):,I, 1 :< $..f ‘. .’ “‘I ‘I .‘I :j: f-j p.1 #ck !,,,, F’ E:; I:>; 1:: (:;I p; i”l {T+ p\j f-1 E;,, $; ; pj !,j I.,,, f.3 -/- :[ (:I 1.4 

1 j fi.1 :; :j (3 1l.i F; {.bi 5 1 y; c; ‘Li’ s -r E.’ !:‘j 

f..,‘t’j’-:f:,~,yj I.,] :, (:‘I tYpi:;, /I., (:; ;,,!I,: j i ,(,, 1 k..,l(; ;.jfzj ,:j -; i_ :<, CT 14 k 1s.j (1.; EL: !:i, 
w I’ 1’ I._! “r 1-i i. Fr’ !.T r.1 r\; ,:i f:,; (1.1 ::;’ F:” E jq-1 {,J i-1 E; :;, : 

1. (, CT+ 1:‘: !;; i;;(;‘j;:jf _ :j iJ(::j {.A,:;:~ ?‘I:., 1::: n 1, $4 j.: : ,I!., [:J ;:, -1 f:’ 1::: 1::’ 11: !.,, -1 !t; I::.; y: , 1.j 1: (.;i+ F, /Z/Z 1 1;; 

(21 i,,[ ..j i,,,! Iy! {. j .‘[ 11 f’:, ] CL; f::, ii l:.: <.q ‘i if; p I::., 1 / q 1: , :::i ‘.1_ (,., ii 1 j-k,; [.I; L . . . ‘ 

1 i:.' f>j (:': y i:'!{:'! 1 ,.,!' .. '-i r.-. 

‘7’ ,_:: 1, ( j c-.: “I l ‘i (:;; if; /I_,: I :.: i..:! “7 , ,, ,, , I.... .i 
!:.i F / ;.i /,,, “;’ E 1’ : fj:., ,/ y ,, $1’ if:;: 2; .., ’ ‘1 / I! i i ;., ) J ~~ t-i I.. i. . 

1:::’ I:::’ 1:: (.-‘I 11: I_ ,._. I ‘ ~ :, ),:i 1,. : i ,j r,: il.; r 1:. : / :’ ’ ‘! j :‘.i j.‘.; ;I( /..<j , .y.; I!: /, ..,, 1 j;jj: 1;. ;:; 1,: i’,j (3 1 g g;; p; ‘,., 1 i; ,f_ g< 

-., ...i %..i z: 
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CIf ‘.i’ cl; ‘J- fi p/ I r.JF::‘Lj’T’ $;,!p,p,gfF;y 

J <:I 1:) 1’1 i;s, ii I (.z ; D .._ ( ) i.j ! ,B 1:‘,; (1.) j\/ ::5 ;/ 17; 7) F ‘“; ‘f (1; 1’1 ..I .._ \.. c; y 5.; 1::’ .*, (‘:! (;::a I 
E; ‘, i 1 cj :i. f-j (,:I $1 ,s (, , p : :c ._- (1) cj j, ,j L+, [I’; rj pq CIfl ‘j- t-i !,j y; -!- 1;; ,: ‘3 ( c; “, ,;, f ;::, :I p j.i ; !‘I# Cl t: p : 1 j -.. 1 (&,- $;‘y 

i’, ,j, .b p ” ;q 1.j 1:; (1 ] p j? , 1 I,_, I:::’ I_;: 1:; p, 1, e !..I 5, (3 !’ 1:) Et .f: i. r-, 12 d i (‘.! i --, i’, , .y, 
t ._.. Y.. .i 1. :’ ::2:.7 .,_ * _ (-.:I 

‘$j 5;:: (-1, p (2 !T, .i- & r, 2, 1 ‘Iv,’ .s, n, il:: : C; i..:t i: i I :1. !"'I i: j 5 ??;' 5:; t., p (7, :,:. c:j r, ]. '.+ 

:* :* $, :$ y: ‘r :: : : '2 + 4 ,+ :F. f * * $ "i. $ $ :* g +: $ * :< :.+, :$. $ y $ ‘+, :#. $ + $ .$ $, :+ :+ g $6 :t' :+ * ‘r $, i' :+ Y+ $ $, :g * 8 $ :+, $ # '* s '& 4. >" + :+ '4: P "7: T '+ 2 :* g # 
/ : k.1 . {J, 2: i,: '& g!l c J i-; j__ 1 1.J [.yk 5 5:' CI; T' E:‘ (.ii i:: I.. 

':. 1 2. . p E 1' I v[ I_' "1 E, \::i 'r/Z: F;: 1.1 I[ p,,i (,:, i__, WY \.; [Y:( [II: :; , ; Lj I,/ c; /__ {& j\l 'T 1:: "' 'y [::.I I,_. I..! pj E: 

:-ii>, p 1: :I ../ f ci, (-; .b, " rj p :, F.7 i .) y- ; j y;. y- Cl! .,.. r " _, 1;: ie 1, t " i .: i.2 ~~'1 . i.. 

5 :..: L: ij 1. x.,: 3' ;-> ,'-, 1 Cl'! -I- 3. :I. .F:. 1:; ;2 1. j, ;:' L, 'I'. e 5:. 5. i,j f“ FZ. -': (L) - (11) ;I iIT. Wi; m 
A yej-L\t-.r, f?<T.) i,c+ r>c;:,t, L(~;pc! " 

Ij p '5 i i:, T'i c". Lj. c, f-J :] y e\ j, p :z: 5 (:) 2 1. ff,i c:' f ,,: @ 5 5 F'; Vent. air= t::t a= f ,T, 
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